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[THIRD SERIES.] 


Art. I.— Upon the relation which the former Orbits of those 
Meteorites that are in our collections, and that were seen to 


Fall, had to the Earth’s Orbit ; by H. A. Newron. 
[Read before the National Academy of Sciences, April 19, 1888.] 


My studies have led me to the following three propositions: 

1. The meteorites which we have in our cabinets and which 
were seen to fall were originally (as a class, and with a very 
small number of exceptions), moving about the sun in orbits 
that had inclinations less than 90°; that is, their motions were 
direct, not retrograde. 

2. The reason why we have only this class of stones in our 
collections is not one wholly or even mainly dependent on the 
habits of men; nor on the times when men are out of doors; 
nor on the places where men live; nor on any other principle 
of selection acting at or after the arrival of the stones at the 
ground. Either the stones which are moving in the solar sys- 
tem across the earth’s orbit move in general in direct orbits ; 
or else for some reason the stones which move in retrograde 
orbits do not in general come through the air to the ground 
in solid form. 

3. The perihelion distances of nearly all the orbits in which 
these stones moved were not less than 0°5 nor more than 1:0, the 
earth’s radius vector being unity. 
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The first and third propositions are limited strictly by their 
terms to the meteorites from stone-falls actually witnessed, and 
also represented by specimens in some one or more of existing 
collections. The investigations that have led to them have 
been limited to the same stone-falls This is not because any 
line of separation is suspected to exist astronomically between 
the stone-furnishing and the detonating meteors, or even be- 
tween them and the shooting stars, but because, for manifest 
reasons, any facts established about these stones have a greater 
value than similar facts about meteors from which no stones 
have been secured. 

About 265 observed falls are represented by specimens in 
existing collections. The history of these falls [ have searched 
out with no little’ pains, so far as the material for such history 
could be found in books accessible to me. Every direct state- 
ment and every indirect indication which I have obtained 
about the paths of these meteors through the air have been 
carefully considered, and their meaning and value duly esti- 
mated. The determination of the path of a stone-furnishing 
meteor through the air is greatly aided by the fact that we 
know at once one point of the trajectory, viz: the point where 
the stone strikes the ground. To this fact may usually be 
added another, viz: that some of the observations are by per- 
sons near the place of fall, and hence their statements of direc- 
tion, so far as we may trust them, have peculiar significance. 
In individual cases it will be found that not much reliance can 
be placed upon the asserted direction of the meteor’s motion. 
But when the results are all collated there is such a general 
agreement in support of the first and third propositions set 
forth above that I am very confident that they are true. 

The orbit of a meteoroid about the sun is wholly given when 
we know these three things, the time when it enters the air, 
the direction of its motion, and the velocity. The velocity 
cannot be easily measured directly. But the connection be- 
tween meteors and comets will be assumed as fully proven. 
The velocity of the meteoroids (neglecting the increase due to 
the earth’s attraction), ought then to be that of the comets, at 
the same distance from the sun. The greatest cometary ve- 
locity at the distance unity is 2, the earth’s velocity being 
unity. The smallest velocity for any known comet is that of 
Encke’s comet, which at the earth’s mean distance from the 
sun is 1°244. It seems safe, therefore, to assume that the 
meteorites we are considering had velocities relative to the sun 
not greater than 1°414, nor less than 1:244. 

The direction of a meteor’s motion through the air is to be 
determined solely by the evidence of observers of the stone- 
fall. This evidence needs to be carefully collated, especially 
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when statements apparently conflict. A judicial temper of 
mind must be preserved in estimating the meaning of the 
statements, lest the evidence be twisted to the support of some 
preconceived notion. Knowing the danger, I have tried to 
keep my own mind free from bias. 

We need not know the exact day, but we must know the 
time of day of the stone-fall, else the direction through the air 
cannot be used. This throws out about one-fifth of the total 
number of falls named above,—there being no statement of 
the time of day of the fail attainable. There are left 210 dif- 
ferent cases available for use. For 94 of these there is no 
reliable statement of the direction of the motion of the meteor. 
We know only the day and the hour Even this, however, is 
of some value, since we know that the meteor must have been 
moving downward at the place of fall; that is, from some 
point of the heavens then above its horizon. For 116 stone- 
falls the direction of tie motion of the meteor is more or less 
definitely indicated by the statements of observers, or by the 
statements of those who have inquired into and reported the 
facts of the falls. 

We may then divide the observed stone-falls into three 
groups which will be separately considered: (a), 116 falls for 
which we have statements as to the direction of the path 
through the air; (0), 94 falls of which we know the time of 
day ; (c), 50 or more falls of which the history is too scanty to 
give the time of day. 

There is frequent occasion to speak of two points on the 
celestial sphere for which the English language has no good 
names. These are the point from which a body is moving, 
and the point to which a body is moving. These two points 
are opposed to each other, as north is to south, east to west, 
zenith to nadir. The words gu/t and goal will be used to de- 
note these two points. The earth’s quit is that point of the 
ecliptic from which the earth is moving, the earth’s goal that 
point to which the earth is moving; the one being about 90° 
ahead of the sun in the ecliptic, the other 90° behind it. A 
meteors quit is that point of the heavens from which the 
meteor is moving; its goal that point of the heavens to which 
it is moving. The motion may be that relative to the earth, in 


-which case the point of the celestial sphere from which it is 


moving is the meteor’s relative quit. Thus the relative quit 
of a meteor when it is entering the air must be above the hori- 
zon of the place of entrance, inasmuch as the meteor must be 
moving downward. Ifa meteoroid’s motion be corrected for 
the earth’s motion the direction of its absolute motion about 
the sun is obtained, and then the two points of the celestial 
sphere from which and to which the meteoroid is moving are 
its absolute quit and its absolute goal. 
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The observations have been treated graphically. They do 
not demand nor do they admit of greater accuracy in methods 
of discussion than can be used in graphic processes, and these 
processes have many advantages over numerical computations. 
A stereographic projection of two hemispheres was prepared 
and printed, upon which there were three sets of codrdinate 
lines from three sets of poles. The three sets of points were 
the angles of triquadrantal triangles. Thus the lines were 
drawn to represent at intervals of 10° the distances and diree- 
tions from the poles P, P, S, E, and G, Q, (fig. 1, p. 7). In the 
engraved figure these codrdinate lines are omitted. The common 
diameter of the two hemispheres ESE was made to represent 
the ecliptic, and the sun was placed at the center or, at the 
edge of one of the hemispheres. The point P would then be 
the poles of the ecliptic, and if S be the place of the sun the 
earth’s quit will be Q, and the earth’s goal G. 

To treat any single meteor a large celestial globe was first 
set for the time and place of the fall. Upon the globe the 
celestial latitude and longitude of the zenith and of the west- 
point were then measured The day of the year gave the sun’s 
longitude. The zenith and west-point could then be marked 
upon the chart, after which it was easy to draw the circles rep- 
resenting the meridian and the prime vertical. The stereo- 
graphic projection was peculiarly advantageous in this work as 
all circles are represented by circles, and angles are conserved 
in the projection. The effort was then made to mark upon 
the chart the meteor’s relative quit as accurately as the obser- 
vations permit, or rather to describe an area within which the 
quit was probably or certainly located. 

Some of the 116 meteorite quits have been heretofore fairly 
well determined by other persons, or they can be so deter- 
mined. This is the case with the meteors of Agram, Weston, 
Orgeuil, Pultusk, Iowa, Rochester, Esthervillle, Kriihenberg, 
Khairpur, Vendome, etc. For other cases we are able by com- 
paring the various statements of observers to locate approxi- 
mately the relative quit. But for a considerable number of 
the falls we have to be content with the simple statement that 
the stones came from the north, or from the northeast, or from 
the south-southeast, or from some other similarly defined di- 
rection. When this has been the case I have taken a point 20° 
above the horizon in the direction indicated, and considering 
this as the center of an area of considerable size within which 
the quit was probably located, have treated the point itself as 
the meteor’s quit. 

These observations of direction in some cases will be in 
error, or will be perverted in reporting, as every one who has 
tried to reconcile numerous accounts of a meteor has unpleas- 
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antly learned. But when the statements have come from per- 
sons who saw the stones come down, they are usually of much 
more value than similar reports about ordinary metéors. In 
any case when the reports are single they must be taken for 
what they are worth. I have plotted them as given. 

In several notable instances where there are full accounts [ 
have not been able to accept the conclusions heretofore arrived 
at as to the direction of the meteor’s path. Thus, Dr. Bow- 
ditch made the path of the Weston meteor to be from north to 
south and parallel to the horizon. I make it to have moved 
from a point N. 40° W., 35° high. The Cold-Bokkeveld me- 
teor was described by Sir Thomas Maclear as moving from the 
W.N.W. It apparently moved in the opposite direction ; that 
is, from the E.S.E. The lAigle meteor was described by M. 
Biot as moving from the S.S.E., whereas it is well*high certain 
that it came from the N.W. In like manner the Stannern 
meteorite was assumed by von Schreibers to have come from the 
N.N.W., whereas there are reasons of great weight for believ- 
ing that it came from the opposite direction. I may add that 
these and other like changes are not made under any pressure 
or bias to prove my propositions. In fact three of the four 
changes just named make the evidence for my conclusions 
weaker instead of stronger. 

In the treatment of the observations several quantities have 
been neglected as not large enough to be comparable with the 
probable errors of the observations themselves. Thus the 
effect of the earth’s attraction in changing the direction of 
motion, or what has been called the zenithal attraction of ‘the 
quit, has been allowed for only in a general way. So the 
earth’s quit and goal are treated as being exactly 90° from the 
sun; or, in other words, the earth’s orbit has been treated as a 
circle. In like manner the motion of the place of fall due to 
the earth’s rotation on its axis has not been taken account of. 

llaving located upon the chart the meteor’s relative quit we 
have next to construct its absolute quit. This evidently lies 
on the great circle joining the relative quit to Q (fig. 1), which, 
when the sun is at 'S is represented on the chart by a straight 
line through Q, together with its corresponding line through 
G. When the absolute velocity of the meteoroid in its motion 
about the sun is given, the place on this circle of the absolute 
quit can be determined by combining by the parallelogram of 
velocities the motions of the earth and of the meteoroid. The 
following table is an abstract of a larger one used in this reduc- 
tion,'and is constructed for the limiting velocities 1:414 and 
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Table showing the distances from the earth’s quit to the absolute quit of a 

meteoroid for different distances from the earth’s quit to the relative quit of the 
meteoroid. 
Distance from Q to absolute quit. 


v= 1°414, 1°244, 


Distance from Q to relative quit. 


30° 9°°3 6°°3 
60 22°1 15°8 
90 45°0 36°5 
120 82°1 
150 129'3 126°3 
180 180°0 180°0 


In the following constructions the maximum velocity of the 
meteoroid has been used. When the meteoroid’s relative quit 
is known asa point the absolute quit is at once constructed. 
If, however, we have an area within which the relative quit is 
probably located we may mark off with equal facility points on 
the boundaries of the area within which the absolute quit is 
probably located. If the former area is a circle the latter will 
be an oval. The center of the circle does not correspond ex- 
actly to the center of the oval, but by applying a correction to 
the table the center of the oval absolute-quit area can be 
directly constructed from the center of the circular relative- 
quit area. 

In figure 1 I have given in a single diagram constructed on 
a stereographic projection, the results for 116 stone-falls. The 
best determinations which the accounts admit of for the mete- 
or’s direction were first made out. Then the center of the 
probable quit area in each case was assumed to be the actual 
quit. When only the quarter of the heavens from which the 
stones came is stated the center of probable area was taken 20° 
above the horizon. Interpreted thus, the stars in figure 1 rep- 
resent the places of the 116 absolute quits relatively to the 
place of the sun, S, and to that of the earth’s quit and goal, 
Q and G. 

Let us denote any one of these quits (or stars), by the letter 
qg- The elements of the orbit in which the corresponding stone 
was formerly moving can be easily obtained from the projec- 
tion. The earth’s longitude on the day of fall is the longitude 
of the node. The angle gSQ is the inclination of the orbit to 
the ecliptic, and its amount is at once read off on the projec- 
tion. The orbit has been assumed to have been a parabola. 
Hence, twice the complement of gS was the angular distance 
of the stone from its perihelion. If gS> 90°, the perihelion 
had not been reached; if gS <90, the perihelion, had been 
passed. The perihelion distance was Sin’gS. If, however, it be 
assumed that the orbit was a long ellipse of given major axis, 
the place of the absolute quit, g, moves somewhat nearer to Q 
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along the line ¢Q, the angle in the plane of the orbit from peri- 
helion was a little more than twice the complement of gS, and 
the perihelion distance somewhat less than Sin’gS. But all 
these quantities are easily computed in terms of the assumed 
major axis. With a semi-major axis as large as 0 the change 
in figure 1 would not be so considerable as to modify any 
conclusions we can deduce from the grouping of the stars. 

The most noticeable fact revealed by the figure is the clus- 
tering. of the stars about the point Q. All: but 7 of the 116 
meteor quits are in the Q hemisphere; that is, had orbits 
whose inclinations were less than 90°. One hundred and nine 
followed the earth, seven met it. Again the two lines STE 
are drawn to represent circles inclined 35° to the ecliptic. 
More than two-thirds of the meteor quits lie between these 
tvo lines; hence, over two-thirds of the orbits were inclined 
less than 35° to the ecliptic, the motion being direct. 

It should be said that this clustering of the points near Q is 
somewhat exaggerated in the figure by the nature of the stere- 
ographic projection. The scale of distances near Q differs from 
that near the circumference. But this does not affect the dis- 
tribution between the hemispheres. 

It has been assumed that certain centers of quit areas were 
themselves the quits. Can the condensation of the quits near 
Q have been caused in any way by this assumption? Or, is it 
possible that general errors of observation, or inaccuracy of re- 
porting, could have been the cause? To answer this question 
let us suppose that there had existed a law that led to conden- 
sation of the relative quits in any manner whatever. The 
effect of the errors of observing or reporting, and also the effect 
of the assumption above stated, would be toward scattering 
these relative quits over the heavens more equably, and thus 
masking the law. Then when the relative quits thus unduly 
scattered are reduced to absolute quits there might be as a 
result a tendency towards condensation near Q. If, however, 
we draw the circle TT, enclosing those absolute quits whose 
relative quits are in the hemisphere next Q, the general ten- 
dency of the errors in question would be towards equalizing 
the number of absolute quits within to those without the circle 
TT. Now, the number of stars is nearly twice as great within 
as without the circle. The condensation about Q, shown in 
figure 1, exists therefore in spite of, and not in consequence of, 
these errors. With a good deal of confidence do I conclude that 
these 116 meteors were, as a class and with probably a very 
few exceptions, before coming into the air following the earth 
in its orbit about the sun. 

Another fact of great interest is also shown by the grouping 
of the points in figure 1. In general these stones did not go 
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in their orbits very near to the sun. Assuming that the orbits 
were parabolas we have for all the stones whose perihelion dis- 
tances were less than one-half, Sin*gS <4. If there be drawn 
circles, AA, AA, 45° from S and from E, then will all the 
stones whose absolute quits were in the central zone, APPAAA 
which is bounded by. the circles AA, have perihelion dis- 
tances greater than one-half and less than unity. Of these 
there are 103 out of a total of 116. If the same orbits are as- 
sumed to have had semi-major axes equal to 5, then the circles 
AA would have to be drawn a fraction of one degree farther 
from S and from E to serve as the limiting curve to orbits 
whose perihelion distances exceed one-half. 

It appears from figure 1 that these 116 stones were, with a 
few exceptions, following the earth in their orbit about the 
sun. This could happen from either one or more of three pos- 
sible causes : 

Firstly, that nearly all the stones in the solar system are 
moving in direct orbits, very few in retrograde orbits ;— 

Or, ‘secondly, that stones moving in retrograde orbits for 
some reason, as for example their great relative velocity, 
may not have been able to pass through the air and to reach 
the ground in solid form ;— 

Or, thirdly, that stones moving in such retrograde orbits, 
and coming through the air, may ‘be falling while men sleep, 
or for some like reason may fail to be found. In other words, 
the effective cause may work above the air, in the air, or below 
the air. 

Let us assume, as an hypothesis, that neither of the first two 
are the true causes. In that case we should have the stones 
moving in every direction as they cross the earth’s orbit. 
There should be about as many orbits having retrograde mo- 
tions as direct motions. Hence the absolute quits of all stones 
coming into and hence, by hypothesis, coming through the air, 
should be symmetrically distributed in their longitudes relative 
to the sun. At least there should be as many absolute quits 
in the G-hemisphere as in the Q-hemisphere (figure 1). Take 
account now of the earth’s motion and locate the relative quits. 
All these stones whose absolute quits lie outside of the circle 
TT will have their relative quits in the G-hemisphere. Upon 
the hypothesis of parabolic orbits and of an equable distribu- 
tion of the absolute quits over the celestial sphere the number 
of relative quits in the G-hemisphere should be to those in the 


Q-hemisphere as 1+cos— : 1—cos_, or as 17:3. The relative 


quits should then be very much more numerous in the G-hem- 
isphere than in the Q-hemisphere. 
Furthermore, suppose that the heavens visible at a given time 
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and place, are divided by a vertical circle into two halves; and 
suppose that this vertical circle is at right angles to the plane 
containing the zenith and the earth’s quit and goal. That half 
of the visible heavens that lies towards the earth’s goal may be 
called the goal-half, the other half may be called the quit-half 
of the visible heavens. In any given period there should evi- 
dently be, under the several hypotheses stated, many more 
stones coming into the air and reaching the ground directed 
from the goal-half than there should be directed from the quit- 
half of the visible heavens. Still further, since this proposi- 
tion applies to any epoch whatever, we may apply it to 116 
periods covering the times of the 116 stone-falls, that is, to the 
116 stone-falls themselves. Many more of these should (under 
the hypotheses stated) have come from the goal-half than from 
the quit-half of the visible heavens. 

If, then, the relative quit of each of these 116 stones is sup- 
posed to be carried around in azimuth 180°, the altitude being 
unchanged, the 116 distances from each new place of the quit 
to the earth’s quit for the epoch of the fall should, in the aver- 
age, be decidedly less than the corresponding 116 distances 
from the actual relative quits to the earth’s quit. This should 
hold true (under the hypotheses stated) no matter what causes 
below the air may have occasioned the selection of the 116 
epochs. The fact that more persons are abroad in the evening 
hours from 6" to 10" Pp. M., than in the corresponding morning 
hours, 2" to 6" A. M., may well cause that more stones should 
be secured in the evening than in the morning hours. In the 
evening hours the earth’s quit is above the horizon; in the 
morning hours the earth’s goal. It might easily be that we 
should for this reason get more stones of direct than of retro- 
grade motions. But the above criterion is entirely independ- 
ent of any such principle of selection of the epochs. A change 
of the azimuth of the quits through 180° should cause a larger 
number of them (under the hypothesis stated) to approach the 
earth’s quit than to recede from it. 

I have marked off upon the working sheets the position 180° 
in azimuth from each of 115 relative quits, the altitude being 
unchanged, and measured the several distances from the earth’s 
quit. (One fall, Nedagolla, was unavailable.) The following 
is the result. In 44 cases the meteor’s quit by the change 
approaches the earth’s quit; in 70 cases it approaches the 
earth’s goal; in one it remains unchanged. That is, instead of 
a very large majority of the quits moving towards the earth’s 

uit we have nearly two-thirds of them moving the other way. 
n the reversed position, moreover, we should have had 38 ab- 
solute quits in the G-hemisphere instead of 7. These numbers 
show very decidedly that the hypotheses made above are not 
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true. The principle of selection is not entirely below the air, 
and the numbers testify so markedly against that hypothesis 
that I feel warranted in adding that the cause is mainly either 
above the air, or in the air. ; 

Between the first and second causes named the materials 
used for the present discussion do not furnish a positive critical 
test. But if, as I believe, the Stannern stone came from the 
south, we have at least one instance of stones coming into the 
air with a velocity of nearly, or quite, 45 miles a second and 
reaching the ground in solid form. About 25 of the quits in 
figure 1 imply velocities of not less than 25 miles a second on 
entering the air. Large velocities do not seem to be entirely 
fatal to the integrity of the meteorites. I believe that the first 
cause was the dominant one rather than the second, yet for a 
crucial test of the two causes, if one can be found, we must 
look to a class of facts other than those we have been consider- 


ing. 

We are now in position to consider the other 94 stone-falls. 
In figure 2, the construction of which is similar to that of fig- 
ure 1, the stars mark the zenith points for each time and place 
of the 94 falls. A grouping is at once noticeable. They are 
nearly all in the northern hemisphere, since the observing peo- 
ples live there. Those stars in the hemisphere of which 8 is 
the pole, that is between the two lines PP and PP, are evi- 
dently daylight stone falls, since S is above the horizon for each 
ease. These constitute about seven-eighths of the whole num- 
ber. The reason for this predominance is manifest. In the 
night men see the fireball or the train, whereas in the day the 
first intimation of the stone-fall is usually the hearing of the 
detonation two or three minutes after the fireball has disap- 
peared. Hence, daylight stone-falls are those whose directions 
are less likely to be observed, and these 94 falls are the ones of 
which the directions are unknown. 

It will also be seen that there are nearly twice as many in 
the Q-hemisphere as in the G-hemisphere; that is, there are 
nearly twice as many that fell when the earth’s quit was above 
the horizon as there were when the earth’s goal was above the 
horizon. In general, the former were afternoon stone-falls, the 
latter forenoon stone-falls. Now the habits of the urban pop- 
ulation have not much to do with these daylight meteors, for 
the fireballs were not seen. The accounts come from the 
country, where the stones in general have fallen, and about as 
many people are there abroad in the forenoon as in the after- 
noon. If stones came to the ground as often from retrograde 
as from direct orbits we ought apparently to have had very 


many more zeniths in the G-hemisphere than in the Q-hemis-- 
phere. The contrary being the fact of experience we may rea- 
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.—Showing rejatively to the sun’s place, the zeniths for the time and place of 94 stone-falls. 
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sonably say that the 94 stone-falls, about which we know compara- 
tively little, seem decidedly to follow the same laws as the 116 
falls about which we know so much more. 

This conclusion is greatly strengthened if we take account 
of the effect of the earth’s attraction in carrying the meteor’s 
quit toward the zenith. Any stone must be moving down- 
ward when it enters the air. But the earth’s attraction must 
change the direction of its motion during the approach to the 
earth. Hence the region of the heavens from which a stone 
can approach the earth is not bounded by the actual horizon, 
but by a curve which may be treated as a depressed horizon. 
This depression of the horizon is far greater toward the quit 
than toward the goal side of the horizon. The maximum de- 

ression for a stone moving in a parabolic orbit is about 17°. 

t hence follows that when the zenith is more than 73° and 
less than 90° from G, both the points G and Q are above the de- 
pressed horizon, and therefore that the 14 falls whose zeniths are 
between these limits, that is, are between the circles AA and 
PEPS, figure 2, should be left out of the count. The correspond- 
ing region on the Q-hemisphere is less than one degree in 
breadth, and contains one zenith point. We have left only 20 
falls when the earth’s goal alone was above the depressed _hori- 
zon to be compared with 59 falls when the earth’s quit alone 
was above the depressed horizon. 

Of the 50 observed falls constituting the third group, of 
which the hour of fall is not stated, very few particulars other 
than the fact of fall are known. Although we are left without 
the power of saying that they indicate the same law as the 
other 210 falls, we find at the same time no reason to suspect 
the contrary. It is not unreasonable to assume that the well- 
observed stone-falls are good representations of the whole 
group, and to affirm the three propositions with which I set 
out as true, in general, not only for the 210 stone-falls of the 
first two groups, but for the whole 260 stone-falls which are 
represented by stones in our cabinets, and in which the stones 
were seen or known to fall. 

It also seems a natural and proper corollary to these proposi- 
tions (unless it shall appear that stones meeting the earth are 
destroyed in the air), that the larger meteorites moving in our 
solar system are allied much more closely with the group of 
comets of short period than with the comets whose orbits are 
nearly parabolic. All the known comets of shorter periods than 
33 years move about the sun in direct orbits that have moderate 
inclinations to the ecliptic. On the contrary, of the nearly 
parabolic cometie orbits that are known only a small propor- 
tion of the whole number have small inclinations with direct 
motion. 
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It also follows that in future reductions of these stone-fall 
observations it will be better to assume that the velocity of the 
stone in its orbit was not that velocity which corresponds to a 
parabolic orbit, but that which corresponds to the mean orbit 
of the comets of short period. The largeness of the perihel- 
ion distances has an evident bearing also upon the idea that 
these stones form the fuel of the sun. 

The presentation of the argument here made has been in- 
complete in that the details of the investigation of individual 
stonefalls has been entirely omitted. Some of the determina- 
tions of the paths are, I think, as complete as I can hope to 
make them. But others must be regarded as provisional, since 
I hope to secure respecting them additional data. I hope at 
some future time to give a complete discussion of all these ob- 
served stone-falls. In the past [ have been greatly indebted to 
friends for aid in collecting accounts of the falls, and I heartily 
thank them therefor. I shall be very grateful also in the future 
for unpublished observations of the stone-falls, as well as for 
observations that have been so published as not to be likely to 
have attracted attention. I bespeak the kindly aid of any who 
have made or have collected such observations. 


Art. Il.—History of Changes in the Mt. Loa Craters; by 
JAMES D. Dana. With Plates I, II, III. 


[Continued from page 289; and also from xxXiii, 433, xxxiv, 81, 349, xxxv, 15, 181.] 


SUPPLEMENT TO THE History oF Kitavuga.—Since the debris- 
cones of Halema’uma’u, the great lava-lake of Kilauea, have a 
constitution and history unlike anything thus far reported from 
other volcanic regions, I add to the previous notes the following 
from a recent letter of Mr. J. H. Maby, of the Volcano House, 
dated March 8th. Mr. Maby writes that the cone has been ris- 
ing since August, of 1887, until now the summit is “on a line 
with the outside walls of the crater, looking from the Volcano 
House.” No additions have been made to the exterior, but in- 
stead, the eastern side (which Plate 5 in the last volume, from a 
photograph, showed to be in process of separation from the rest) 
“has slipped down a little and changed considerably its shape.” 
Moreover the bottom or floor of the Great Lake with its lavas, is 
now within 40 or 50 feet of the top, which implies a rise of 30 or 
40 feet in the same interval. The fires have been very active, 
and are now visible, from the house, on the east side of the cone; 
and the lavas on that side have flowed over into the deserted 
basin of New Lake, filling its lower portion. The lake on the 
west side of the cone has also much increased in size, being now 
nearly 300 feet in diameter; and it has thereby encroached on 
the doomed cone. 


j 
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Il. MOKUAWEOWEO, THE SUMMIT CRATER OF 
MT. LOA. 

Maps.—A map of the island of Hawaii, reduced from the 
Government map, is here introduced (Plate 1) for the better 
illustration of the facts and discussions beyond.* It shows 
the topographic simplicity of the island—a fact not expressed 
in most of the small published maps, which generally (like 
that of the eleventh volume of the new Encyclopedia Brit- 
tanica) put in mountain ranges or ridges that do not exist. 
The map will enable the reader to appreciate the relative posi- 
tion of Kilauea and the Mt. Loa crater, their relative heights, 
the absence of water-courses from all of the mountain slopes 
except a small windward region ; the large size of the valleys 
of the Kohala Mountains to the north; the positions of the 
great lava streams of 1840 to 1887; the routes of the roads 
(mostly bridle paths) ; the two routes to Kilauea, one of thirty- 
one miles on horseback from Hilo, the other of about half this 
distance, from Keauhou, the upper half a good carriage road; 
and also the districts into which the island is divided, and the 
positions of the principal villages. 

The present form of the summit crater, Mokuaweoweo, is 
shown on the map by J. M. Alexander, Plate 2, reduced from 
the results of his survey. The height of the highest point, 
given on it, 13,675 feet, differs eighty-tive feet from Wilkes’s 
determination of the same point in 1841. 


The history of the summit crater is mostly a history of the 
results of its eruptions, for few facts have been observed about 
the action within the crater. It has excited attention when an 
eruption has been in progress; but the chief outflows have 
begun below the summit and the source of the outflow is 
usually the only place reached. Still there is much to be 

athered from the reported facts. My personal investigations 
ave been contined to the base of the mountain, and the re- 
view beyond is hence almost solely from the accounts of others. 


History OF THE ERUPTIONS FROM 1832 TO 1888. 


1832, June 20.—On the 20th of June, 1832, according to 
Rev. Joseph Goodrich, lavas were discharged from several 
vents about the summit. The fires continued to be visible for 
two or three weeks, and were seen from Lahaina, 100 miles to 
the northwest. Nothing is known of any large discharge of 
lavas, and no mention is made of accompanying earthquakes. 

*The Government map, as stated upon it, is only a preliminary map, part of 


the survey being still incomplete. 
+ Goodrich, this Journ., xxv, 201, 1834, letter of Nov. 17, 1832. 
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The outbreak of Kilauea in 1832 occurred about the same 
time, but possibly a few months later (xxxiii, 445, 1887 and 
xxxv, 15, 1888). 

1834, January 29th.—Mr. David Douglas, the naturalist, 
who was the first to ascend Mt. Loa, describes the crater, in 
his Journal,* as having great chasms in the bottom that he 
could not fathom “with a good glass and the air clear of 
smoke:” and says further: that “the depth to the bottom on 
the east side was by an accurate measurement with a [ine and 
plummet, 1270 feet ;” that the southern part of the crater, 
““where the outlet of the lava had evidently been, must have 
enjoyed a long period of repose.” He mentions hearing light 
hissing sounds from fissures in the summit that might “* per- 
haps be owing to some great internal fire escaping.” He adds, 
“There is little to arrest the eye of the naturalist over the 
great portion of this huge dome, which is a gigantic mass of 
slag, scorize and ashes.” 


1841, Janwary.—Captain Wilkes was at the summit during 
the latter part of January, 1841.+ Lieutenant Eld, by taking 
angles from the bottom of the crater, made the western wall 
784 feet high, pans the eastern, 470 ‘feet. The only sign of 
activity was the escape of steam and sulphur gases from many 
deep fissures over the bottom, especially on the west side. 
The fissures had generally a N.N.E-S.8.W. direction. There 
was one cinder or scoria cone at the bottom, according to Dr. 
Judd, toward the southwest side, having a height of about 
200 feet. Other steam cracks were observed outside about the 
pit crater of the south-southwest end; and one, which they 
“designated the great steam-crack, led from the top of the 
mountain a long distance down its sides toward the south ;’ 
and a great depth was indicated by the reverberations from a 
block of lava which was dropped into it. Small driblets of 
lava were observed along some of these fissures; indicating 
feeble ejections at the very summit. In Wilkes’s map, as 
shown in the outline copy on the next page, seven small cones 
are faintly represented on the bottom of the crater, although 
the descriptions speak of only one. 

1843, January.—In Januar y of 1843 began one of the great 
outflows. It continued for about six weeks. Clouds above on 
the 9th made the first announcement to the people of the 


* Companion of the Bot. Mag., ii, 175, 1836, and in a letter to Capt. Sabine, 
dated May 3, 1834, Journ. Geogr. Soc., iv. 333, 1834. See this Jour., xxxiii, 436, 
437, 1887, on the letter to Dr. Hooker and the evidence against it. 

+ Narrative of the Exped., iv, 152, 156,159. The descriptions of the crater 
are from descents made into it by Dr. Judd of Honolulu (on p. 152) and Lieut. 
Henry Eld (on p. 156). Wilkes’s map has its longer diameter, through some 
mistake, north-and-south in direction. 
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islands. During the following night, according to Dr. L. 
Andrews,* a brilliant light appeared at the summit, looking, 
as Mr. Coan states, like “a small beacon fire.”’+ In a week 
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The Summit crater, after Wilkes, January, 1841. 


the light disappeared. In the mean time the lavas had com- 
menced their discharge. Mr. Coan ascended to the source, 
about 13,000 feet up, and found two large craters near together, 
very deep and active. The source given on the map is at least 
2000 feet lower. The stream of lava flowed toward Mt. Kea, 
but gave off a westward branch, toward Hualalai, near its 
source. At the base of Mt. Kea, a branch went northward 
toward Waimea, and another eastward toward Hilo. Mr. 


* Andrews, Missionary Herald, xxxix, 381, letter of Feb. 6, 1843. 
+Coan, ibid., xxxix, 463, letter of Feb. 20, 1843; xl, 44, letter of April 5; 
this Journal, II, xxvii, 411, 1859; Life in Hawaii, 1882, p. 270. 
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Coan states that over the crusted surface of the stream were 
many steaming openings 20 to 50 feet broad, down which he 
saw the lavas rushing along the tunnel-like way, “ with awful 
speed, some fifty feet below us;” large stones thrown on the 
surface were carried “instantly out of sight before sinking 
into the stream.” The action was much diminished in six 
weeks, but was “still somewhat vehement at one or two points.” 
Mr. Andrews states that during the progress of the eruption 
Mr. Wilcox visited Kilauea and found no signs of sympathy. 


1849, May.—A brief notice of brilliant fires at the summit 
crater in the month of May, 1849, is contained in a letter of 
Mr. Coan’s, dated January, 1851. He says, that the light was 
first noticed after the extraordinary activity in Kilauea. “TI 
cannot say that they were coincident.” For two or three 
weeks, a brilliant and lofty column of light was seen over the 
mountain. There is no reported evidence as to any surface 
outflow of lavas, and none of an earthquake.* 


1851, Awg. 8.—A short flow commenced at this date a few 
miles west of the summit.t From Hilo, a column of clouds 
was seen by day, which was fiery by reflection at night. The 
eruption continued, as far as could be seen from Hilo, only 
three or four days. No earthquake was reported. 

Mr. Wm. T. Brigham in 1864 visited the flow, and states + 
that the outbreak of 1851 occurred about 1000 feet below thesum- 
mit “ or 200 feet below the bottom of the crater.” He estimated 
the length of the stream at “ten miles and the average breadth 
less than a mile,” and the volume, “160 million cubic yards of 
lava.” “The greater part is the pahoehoe, although some aa 
occurs.” The course was westward, near that of an old stream 
toward Kealakekua. 

1852, Feb. 17.—One of the greatest of the Mt. Loa erup- 
tions began on the 17th, only six months after the eruption of 
1851, as if its supplement. The place of outbreak, according 
to Mr. Coan,§ was on the north side of the summit, near that 
of 1843. When first seen, the light looked like “a planet just 
setting ” over the top of the monntain. In a few minutes the 
whole summit was brilliant, and Hilo also; and a stream of 
lava commenced its flow down the mountain. Forty hours 
later the fires had apparently become extinct. 

After three days, on the 20th, the chief flow began at a point 
on the eastern side about 10,000 feet above the sea-level, near 

* Coan, this Journal, II, xii, 82, 1851. letter of January, 1851. 

+Coan, this Journal, II, xiii, 395, 1852, letter of October 1, 1851; and D. D. 
Baldwin, ibid., p. 299, from “ Polynesian” of Aug. 23, 1851. 


Volcanoes of the Hawaiian Jslands, 4to, 1868, p. 389. 


§ Coan, this Jour. II, xiv, 105, 219, 1852; Life in Hawaii, p. 279. 
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the terminus of a line of fissures leading down from the place 
of the first outbreak. Zhe escaping lavas rose at first in a 
lofty fountain, and then flowed eastward for twenty miles. 
On the 27th, Mr. Coan reached the place of the fountain ap- 
proaching it on the windward side within 200 feet. He found 
the lavas playing, as he states, to a height of 400 to 500 and 
70U feet, by angular measurement, in ever-varying forms of 
towers, pyramids and spires, and with variations also in colors 
from white heat at base to red above and then to grayish red 
and gray. 

Great volumes of lava were ascending and descending, not 
intermitteutly but continuously; and the “surging, roaring, 
booming” sounds were almost deafening, but without earth- 
quake from beginning to end. Ashes and capillary glass fell 
in the streets of Hilo. The stream stopped about ten miles 
from the village. The grand eruption was in blast only twenty 
days. All this time Kilauea was quiet. 

In July, Mr. Coan ascended again to the crater or place of 
discharge* and found the fires extinet. He says, a kind of 
“pumice” was abundant and widely scattered ; “ we found it ten 
miles from the crater, and it grew more and more abundant 
till we reached the cone, where it covered the whole region to 
a depth of five or ten feet.” 

An ascent to the active fires was made early in March by 
Mr. H. Kinneyt and Mr. Fuller. Mr. Kinney, speaking of 
the sounds from the cataract of liquid lavas, says: “its deep 
unearthly roar, which we began to hear early on the day be- 
fore, waxed louder and louder as we drew nearer the action, 
until it resembled the roar of the ocean’s billows when driven 
by the force of a hurricane against a rock-bound coast, or like 
the deafening roar of Niagara.” This description attests to 
the fountain-like character of the discharge ; for such sounds 
do not come from flowing lavas unattended by earthquake phe- 
nomena. Mr. Kinney made the height of the jets 400 to 800 
feet. _ He reports also, that the heat created terrific whirlwinds 
which stalked about like so many sentinels, bidding defiance 
to the daring visitor. 

Mr. Fuller states,t that from careful calculations made, 
“after deliberate discussion with Mr. Kinney,” “some of 
which,” he says, “have been confirmed by a somewhat accu- 
rate measurement by Mr. Lyman of Hilo,” the diameter of 
the crater from which the fountain rose was about 1000 feet; 
height of the crater, 100 to 150 feet ; height of the fountain, 


* Coan, ibid., xv, 63, 1853. 

+H. Kinney. this Journal, II, xiv, 257, 1852, from the “ Pacific” of San Fran- 
cisco of June 19, the letter dated Waiohinu, Hawaii, April 19, 1852. 

¢ Fuller, this Journal, xiv, p. 258, 1852, letter dated Waiohinu, March, 28. 
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200 to 700 feet, and rarely below 300 feet ; diameter of the 
fountain, 100 to 300 feet, “and rarely perhaps reaching 400 
feet.” The jet of fire sometimes shot up into a tapering g vothie 
spire of 700 feet, then rose in a grand mass 300 feet in “diam- 
eter, but varied at top with points and jets like the ornaments 
of gothic architecture. He adds that to appreciate the most 
terrific element in the sublime composition you should stand 
at the foot of a Niagara, or on a tempest-lashed shore; for 
“the force necessary to raise 200,000 to 500,000 tons of lava 
at once into the air would not be silent in its operation.” The 
lava stream is stated to have a depth, in some places, of 200 or 
300 feet. 


1855, Aug. 11.—During the evening of August 11, a glow- 
ing point of light was seen at a height of 12,000 feet on the 
northeast slope of the mountain.* The light rapidly extended, 
and it soon became evident that a lava-stream was on its way 
down the mountain. No earthquake had announced the erup- 
tion. 

Mr. Coan ascertained, through his excursions, that a line of 
fissures extended from near the summit for five miles down 
the northeast side to the place of outbreak, along which 
there were cones of volcanic scoria and sand 100 feet or so 
high, that had been thrown up at the points of greatest activ-- 
ity. Descending the mountain, the cones became lower and 
less frequent, and were the ragged jaws of orifices through 
which the stream of lava was visible. 

The place of outflow was a crater formed over a fissure two 
to thirty yards wide. The lava flowed in a continuous stream 
down slopes of all angles from less than one degree to verti- 
eality. The course was eastward like that of 1852, and it 
finally stopped within five miles of Hilo. 

Mr. Coan describes the tunnels in the lava stream, and speaks 
of the lavas seen through openings, as moving with great 
velocity—‘“ estimated to be 40 miles an hour.” Some of the 
steaming openings were 30 to 200 feet long, and the flowing 
lavas were 50 to 100 feet below. But the progress of the front of 
the stream, where were obstructions of trees, jungles, depres- 
sions, etc., was “slow—say one mile a week.” He observes 
that owing to the cooling, and the partial damming thereby 
along the front, the hardened upper stratum was raised by the 
descending stream into numerous tumuli of various forms and 
sizes as if by pressure from above, which became cones or 
domes, and let out lavas to flow over the surface and add to the 


* Coan, this Journal, II, xxi, 144, 139, 1856, letters of Sept. 27 and Oct. 15, 
1855; ibid., p. 237, letter of Nov. 15, 1855; ibid., xxii, 240, letters of March 7, 
1856; ibid., xxiii, 435, 1857, letter of Oct. 22, 1856; Life in Hawaii, p. 289. 
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thickness ; that ‘“‘upgushings” also occurred through fissures ; 
and that thus layer was added to layer, increasing the thickness 
from a few feet to 50 or 100, and also retarding the progress 
of the stream. One dome on the stream was 100 feet high 
and 300 in diameter; and through the fissured top and sides - 
the liquid lavas were visible, and easily reached by the pole he 
had for measuring the thickness of the cap—2 to 5 feet. 
These effects were especially great where the slope was very 
small. Pressure of the lavas above, and gases or vapors from 
the burning of trees and other vegetable matter buried by the 
lavas, are made the causes of the uneven surface of the lava 
stream. 

The stream, in addition, became widened by the lateral out- 
gushings, divided into a number of channels, and shifted to 
the right or left. After flowing freely for a while, the stream 
often suddenly cooled and hardened along the front and re- 
mained for several days inactive; “at length, immense areas 
of the solidified lava, four, five, or six miles above the extrem- 
ity, are again in motion, cones are uncapped, domes crack, hills 
and ridges of scoria move, immense slabs of lava are raised 
vertically or tilted in every direction.” 

On the 22d of October, 1856, the stream was within five 
miles of the sea-coast north of Hilo, still pushing out and 
spreading itself. Mr. Coan says that the lavas were even then 
flowing in the tunnel-ways from the place of outbreak to the 
lower extremity although no fires were seen—evidently an 
opinion rather than a direct observation. He argues for the 
absence of fissures beneath the stream for the supply of lava, 
from the absence of steaming vents and cones. After 15 
months, in November, the fires ceased action. The stream in- 
cludes many square miles of aa and immense fields of pa- 
hoehoe. 


1859, San. 23.—Another great eruption began at this date. 
Prof. R. C. Haskell (of a party visiting the eruption consisting 
also of Prof. Alexander and President Beckwith) reports* that 
“smoke” was seen over the summit from Waimea by Mr. 
Lyons of that place on the 23d. In the evening, lavas were 
ejected. and the light was bright enough at Hilo, 35 miles east, 
to read fine print. “No earthquake was felt in any part of 
the island.” But dead fish, apparently parboiled, were found 
in the sea to the northwestward, both east of Molokai and be- 
tween Molokai and Oahu. 

* Haskell, this Journal, xxviii, 66, 284. 1859, (the latter from letter of June 
22); xxix, 301. 1860, letter of Nov. 5. There are shorter reports by Editor of 
Commercial Advertiser of Oahu and Rev. L. Lyons. iid, xxvii, 412, 1859; and 


Coan, ibid. xxvii, 415, letter of February 2, 1859, and xxix, 302, letter of Nov. 
25, 1859. W. L. Green, * Vestiges of the Molton Globe,” 1887, pp 163, 270, 280. 
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The stream flowed northwestward by the northeast foot of 
Hualalai and reached the sea on the 31st of January at Wai- 
nanalii, a dozen miles south of Kawaihae, a distance in all of 
33 miles in eight days. The chief source was probably about 
10,500 feet above the sea level. Above this point for four 
miles, a fissure, two inches to two feet wide, descends the 
mountain from which some lavas escaped. Several cinder 
cones stand along the line of fissures, and two of them near 
its extremity. Half a mile farther down the outflow began. 

The lavas, *‘ white hot” as they escaped, were thrown at once 
into a fountain, as at the 1852 eruption, the height of which, 
according to Mr. Vaudrey, who happened to be on the moun- 
tain at the outbreak, was 300 or 400 feet. 

On the 9th day of February, the issuing lavas were “at a 
white heat and apparently as liquid as water.” The report 
says that the stream below dashed along in cataracts and rapids 
at such a rate that “the eye could scarcely follow it.” For 
eight to ten miles there was a succession of cascades and 
rapids, some of them a consequence of obstructions met on the 
way and others due to the obstructions which the stream made. 
The lava flowed more gracefully than water and with great 
velocity, following the surface beneath, rising as it rose, and 
turning abruptly, with the outside of the stream higher than 
the inside, the mobility being perfect. 

Both pahoechoe and aa were formed. The aa portions are 
described by Prof. Haskell as produced by deep lava streams ; 
streams flowing sluggishly where the slopes are small; which 
become dammed up in front by the cooling, by the breaking 
up of the cooled barrier and crust, and by the rolling over and 
over of the stream. Often at the end of the aa stream no liquid 
lava can be seen, and the only motion is the rolling of the 
jagged rocks of all sizes down the front of the embankment. 
Sometimes it breaks through the embankment, and flows on 

“carrying jagged rocks of all sizes on its back, which look like 
hills walking ;” then it gets clogged again, with finally a 
repetition of the process of breaking up and piling. 

The stream after reaching the seashore continued flowing 
into the sea till after the 25th of November. The surface of 
the stream was of black hardened lavas; but at the sea-border, 
the liquid lavas ran out at a red heat, having flowed under 
cover, Prof. Haskell states, for at least 25 miles, if not from 
the source. 

According to Mr. W. L. Green the column of vapor that 
rose from the orifice or crater, along side of which his tent 
was pitched, was 500 feet wide and 10,000 feet high. He says, 
“From the whoie interior of the crater rose the great illumi- 
nated column of smoke perpendicularly, and then ata great 
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height in the atmosphere it spread out on all sides.” It con- 
tinued for many weeks, but ceased before the flow was ended. 
The lava appeared to have broken out at the intersection of 
two fissures. Over the surface in the vicinity, there was a 
thick deposit of “pumice” or “glass-foam.” The top of the 
mountain at the time was covered with snow—a source of per- 
colating water. While he was near the stream, on the plain 
between Loa, Kea and Hualalai, loud explosions were heard all 
night long, like the reports of heavy cannon.” 

Mr. Green also states, from his observations, that at the sea- 
shore, it ran over a low shelf about ten feet high and perhaps 
500 or 600 feet wide and fell into the sea where the water was 
20 or 30 feet deep. ‘It came from under the crust in great 
red-hot flattened spherqidal masses, having something the ap- 
pearance of moderately thick porridge as it is poured from a 
saucepan—the spheroidal masses perhaps 10 to 15 feet wide 
and 4 to 6 feet deep” “There was no steam, vapor or gas 
whatever to be seen coming from the lava until it went under 
water. Indeed the first contact of the red-hot spheroids did 
not seem to produce a particle of steam, and it was only when 
each had gone under water and become partially cooled off 
that a puff of steam rose above the water ”-—‘ an effect due to 


the spheroidal state of the water against the red-hot surface.” 
No sympathy was exhibited by Kilauea. Mr. Coan says 
“we have occasional earthquakes: two in February, one in 
July and two in November of the current year (1859).” 
In June, according to Prof. Haskell, there was no action in 
the summit crater. 


1864, August 5.—Mr. W. T. Brigham. found the summit 
erater, at this date,* without any signs of action excepting 
some “steam issuing from the northern bank.” There were 
two cones at bottom, about 200 feet high, near the east side. 
He also observes that in various places over the great plain 
about the crater there “were large irregular masses of a solid 
reddish clinkstone, much used for stone axes,” and speaks of 
the “ hard compact graystone of the summit and walls.” 


1865, December 30th.—Light was seen “at the very sum- 
mit,” on. the night of the 30th of December.t+ It continued, 
with variations in intensity, sometimes very brilliant, at others 
faint or gone, for four months, or until the last of April, or 

erhaps into May. Mr. Richardson, proprietor of the Volcano 
ouse, reported the occasional escape of steam, but no out- 
flow of lava is known to have occurred. “The falls of snow 

* Memoir, p. 384. 


+ Coan, this Journal, IT, xli, 424, 1866, letter of Feb. 27, 1866; and xliii, 264, 
1867, letter of August 31, 1866. 
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on the mountains this winter have been frequent and heavy, 
extending almost to their bases.” No earthquakes were re- 
ported. “As it was winter, no one ascended the mountain.” 
In May, a great increase of activity began in Kilauea 


1868, March 27th.—On March 27th, Friday, many slight 
earthquakes were felt in Kau, southern Hawaii, and in Kona, 
the southwestern district. On the 28th they were more ener- 
getic and frequent, and extended east to Hilo, and northward 
through Kona. Mr. T. D. Paris, of Kealakekua, south Kona, 
reports* that on the morning of Friday, fire and great columns 

of “smoke” were seen at the summit ; and on S aturday the 28th, 
the fires were visible from Hilo, according to Mr. Coan.t Mr. 
F. S. Lyman reports, from Kau, that the first outbreak was a 
little to the southwest of the summit; that others followed, 
and soon the lavas were seen in four streams running down the 
mountain in a southerly and easterly direction. By Sunday 
(the 30th) the line of smoke had advanced about 15 miles on 
a line toward Captain Brown’s house in Kahuku; but the 
light of the summit had disappeared; it was not seen at Hilo 
after the 28th. During this time the earthquakes became still 
more violent and destructive, and almost continuous. On 
Thursday, April 2d, at 4 P. M., occurred “the terrible shock,” 
destroying houses and life, making fissures of great length and 
depth, dislodging rocks and half a mile in breadth of ‘marshy 
earth from the mountain side of Kapapala, to the destruction 
of a native village, besides raising earthquake waves on the 
southern coast, that swept away the 2 of Punaluu, Ni- 
nole, Kawaa and Honuapo. The position of the land-slide is 
shown on the map of Hawaii, Plate I. It was also violent 
to the eastward in Hilo, the only stone building being thrown 
down, and furniture in other houses; but so light on Oahu, 
200 miles to the westward, that most of the inhabitants of 
Honolulu were unaware of it, those in stone houses being 
almost the only persons that felt it. 

On the 7th of April, the lava escaped from a wide fissure in 
the district of Kahuku. Along this fissure, in the course of a 
mile, the escaping lavas were thrown into four fountains, 
which were playing on the 10th, when the place was visited 
by Mr. H. M. Whitney, of Honolulu. According’ to this 
writer’s description, the fountains rose to a height ‘of 500 to 
600 feet, along the line of the fissure for a mile. The lavas 
were “blood-red, yet as fluid as water.” Sometimes two of 
the fountains joined, and then all four were united. At one 
time they subsided for a few minutes, and then burst out 


* Paris, this Journal, II, xlvi, 107, 1868. 
¢ Coan, ibid., p. 106; F. S. Lyman, ibid., p. 109; H. M. Whitney, ibid., p. 112. 
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again and went to a height of 1000 feet. Large stones and 
rocks were thrown up, some weighing 100 tons; and so many 
that they seemed to fill the air. The lava of the fountains is 
stated to have had a rotation “to the south.” Below the 
fountains, the lava flowed in a rapid stream to the sea, making 
a descent of 2000 feet and reaching the shore in two hours. 
The rate of flow is stated to have been 10 to 25 miles an hour.* 
A cinder or tufa cone was made at the place of discharge into 
the sea, which was first an island, and afterward became joined 
to the land by the flowing lava. The eruption ceased in the 
night between the 11th and 12th, after only five days’ activity. 
The lava is mostly pahoehoe, with some areas of aa, and ex- 
tremely chrysolitic. At the crack above the main outburst, 
the lava which escaped was light brownish scoria, which was 
drifted by the winds, along with much capillary glass. The 
season was one of unusual rains over the mountain. 

Prof. C. H. Hitchcock examined the region of eruption in 
June of 1885, both above and below the extremity of the pali 
(precipice) represented on the map by the west side of the 
lava-stream. He states the following facts in a letter, of May 
30, 1888, to the author. The fissure whence the lavas of 1868 
flowed “is in exact continuation of the pali, up the mountain. 
I traced it fully three miles. For much of the way it makes a 
narrow canon 40 or 50 feet wide at the maximum, and so deep 
that it is dangerous to explore it. In the lower part heat was 
still evident. The fissure is most prominent where the lava is 
in greatest amount. Its borders have the smoothed appearance 
that would result from an outflow of lava over its edge. The 
very uppermost point reached we estimated, from our aneroid, 
to be 3100 feet above Mr. Jones’s ranch near the north end of 
the pali. There is no cone at that point, as there is at the 
sources of the 1855 and 1881 flows which I also visited. Every 
fact harmonizes with the view of a rent three miles long, allow- 
ing the accumulated lava to discharge in one or two days’ time, 
instead of oozing out of a single small orifice for months. The 
connection of the fissure with the pali shows clearly the exist- 
ence of a fissure along its whole length, which has been the 
seat of eruptions in ages past. This Kahuku flow was analo- 
gous to that of Kilauea in 1840. 


1870, January 1.—-During the first two weeks of January, 
much “steam and smoke” arose from the summit crater.+ In 
the course of the preceding month, Judge Hitchcock, of Hilo, 
with others, visited this crater and found much escaping steam, 

* Pacific Commercial Advertiser of May 9th, 1868. See also W. L. Green’s 
Vestiges of a Molten Globe, pp. 294-303. Mr. Green does not intimate that Mr. 


Whitney’s description is exaggerated. 
+ Coan, this Journal, xlix, 393, 1870, letter of Jan. 24, 1870. 
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but no visible fires. Slight shocks of earthquakes often oc- 
curred, sometimes one, two or three a day. 


1870.—Mr. Severance (as I learn from Rev. E. P. Baker, of 
Hilo) was at the summit crater in 1870, and found no action 
there. 


1872, Awgust 10.—On the night of the 10th of August, says 
Mr. Coan,* “a lofty pillar of light,” 2000 feet higl hich 
means lighted vapors of this height—stood over the summit 
crater, with v arying brilliancy, indice uting active fires within. 
The crater was “in full blast on the 27th,” and continued so 
into September. On the 23d of August a tidal wave was felt 
on the coast at Hilo, the waters during a calm rising four feet, 
and in a second wave, six minutes later, three feet, and dimin- 
ishing for about fourteen oscillations. It may have been part 
of the Mt. Loa disturbance; but Kilauea also was unusually 
active over its interior. No earthquake is reported. The Pa- 
cific Commercial Advertiser of Sept. 21st} reports on an ascent 
to the summit made just before this date. Near the south- 
west corner of the crater there was a fountain of lava about 75 
feet in diameter, playing, it is stated, to a height of 500 feet. 
The basin from which it rose covered about a third of the bot- 
tom, and was at the top of a low cone made by the falling la- 
vas, 


1873, January 6th and Tth.—On the 6th of January, the 
action at the summit, as seen from Hilo, was “ marvelously 
brilliant,” the lighted vapors visible at night rising thousands 
of feet above the summit.t There was evidence, “apparently, 
of active ebullition or a playing fountain; and this conclusion 
is favored by the fact that the herdsmen of Reed and Richard- 
son’s ranch, at Ainapo, on the eastern slope (4200 feet-above 
the mee stated that the mountain was “constantly quivering, 
like a boiling pot.” The action suddenly ceased, without any 
known outflow; the time of ending the display is not men- 
tioned. Kilauea had been very active for months. No earth- 
quake is spoken of, and no sympathy with Kilauea implied. 


1873, 1874. April 20, 1873, to autumn of 1874.—The 
brilliant summit display of January was followed on April 
20th, three months later, by a return to activity, or to a de- 
gree of activity that was visible from Hilo. Mr. Coan ob- 
serves that the lofty columns of light above the summit at 


* Coan, this Journal, IIT, iv, 406, 1872, letter of Aug. 27, 1872, and v, 476, 
1873, letter of Feb. 14, 1873. 

+ This Journal, iv, 331, and 407, 408, 1872. 

¢ Coan, this Journal, III, v, 476, 1873. letter of Feb. 14, 1873; vii, 516, 1874; 
xiv, 68, 1877. In the first of these notices, the date given is Jan. 27th; in the 
others, « Jan. 6th and 7th. 
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night, and of clouds by day were proof of violent ebullition 
within the crater. 

On the 6th of January, 1874, Mr. Coan writes* that, for nine 
months, the action within the great crater has not remitted. 
“The great marvel is its duration,” without any outside results. 
There appears to have been a turn of special brilliancy in Jan- 
uary. On the following October (the 6th), he sayst the action 
has continued ‘for eighteen months, and the most of the time 
it has been violent. But of late it has become more quiet, and 
there is a prospect that it will soon cease.” He adds, “we 
have had few earthquakes during the year, and these have 
been feeble.” “ Kilauea all this time was unusually active ;” 
but no sympathy with Mt. Loa was observed. 

1873, June 6.—It is of great importance to the history that 
we happen to have trustworthy reports with regard to the 
condition of the summit crater on one of the days during this 
era of prolonged activity. And asit was a day of feeble sum- 
mit light as seen from below, it affords data for an estimate as 
to the condition during times of greater brilliancy. The ex- 
plorer, Miss Bird,t was at the summit on the 6th of June, and 
describes well the condition of the crater. lor the most part 
its floor was an area of solid black lava ; but at one end (the south- 
west ?) there was “a fountain of yellow fire” 150 feet broad, 
which played in several united but independent jets to a height 
of 150 to 300 feet. The party for the two days preceding had 
been under the impression that the fires had faded out ; and 
yet this fire-fountain was all the time in action. When within 
two miles of the crater monitions of the activity were appar- 
ent in a distant vibrating roar; and on reaching the crater edge, 
the roar was like that of an ocean, rising and falling “like the 
thunder-music of windward Hawaii ”’—a comparison used also 
by Mr. Kinney in describing the eruption of 1852. (p. 19.) 
At night the lake was the most part at white heat, and its 
surface was agitated with waves of white hot lava about the 
fountain at the center. Through the rest of the vast crater the 
projecting ledges were thrown into bold relief by the reflected 
light, and by numerous dashes and lines of fire from apertures 
and crevices. Occasional detonations were heard, but no shak- 
ings except the tremors from the throw and fall of the lavas. 
At one time the jets, after long playing at a height of 300 
feet, suddenly became quite low, and for a few seconds there 
were “cones of fire wallowing in a sea of light ;” a description 
that not only reads well, but I feel sure is to the life, like the 


_ * Coan, this Journal, III, vii, 516, 1874, letter of Jan. 6. 

+ Coan, ibid., viii, 467, 1874, letter of Oct. 6, 1874; and xiv, 68, 1877, letter of 
March 17, 1877. 

} Six months in the Sandwich Islands, by Isabella L. Bird, London, 1876. 
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most of Miss Bird’s pictures; then, “ with a roar like the sound 
of gathering waters, nearly the whole surface of the lake was 
lifted up by the action of some powerful internal force, and its 
whole radiant mass rose three times in one glorious upward 
burst, to a height, as estimated by the surrounding cliffs, of 600 
feet.” “After this the fountain played as before.” (p. 272). 
“In one place heavy white vapor blew off powerful jets from 
the edge of the lake and elsewhere, and there were frequent 
jets and ebullitions; but there was not a trace of vapor over 
the burning lake itself.” 

In “The Vestiges of the Molten Globe,” (p. 166) Mr. W. L. 
Green, with whom Miss Bird made her ascent, gives confirm- 
atory facts. He makes the height of the fountain generally 
300 to 400 feet, as estimated from the known depth of the 
crater; and occasionally some spires shot up, he observes, to a 
greater altitude. He adds: “Among the varied forms of 
the fountain there were the low rounded dome, a spire at 
center, with a fountain either side in the form of a wheat 
sheaf, and one great wheat-sheaf.” Besides a dull roar, there 
was “the metallic clink” from the fall of masses of lava of 
the fountain which were cooled in the air; these cooled frag- 
ments formed a light falling veil over the dazzling fountain, 
and descending into the lake outside of the jets, making a scum 
over its surface Only a light vapor was seen over the playing 
fountain. 

Harly in August, 1873, Dr. O. B. Adams ascended Mt. Loa, 
at a time when the light at the summit was unusually brilliant. 
He found the fountain playing, he says, to a height of 200 to 
500 feet, and “assuming all the furms of a grand fountain of 
water.’’* 

1875, Janwary.—Mr W.L Green mentions the occurrence 
of summit action at this time for a month, in his tabular state- 
ment of eruptions, and says nothing of one in August of this 
year, to which date Mr. Coan refers the 1875 eruption. The 
report of the Challenger sustains Mr. Coan’s statement, but 
does not positively set aside that of Mr. Green. 

1875, August.—Mr. Coan says:+ I think it was on the 11th 
of August that the summit crater was again in brilliant action. 
The action continued, as appeared in the view from Hilo, for 
one week, and without any observed evidence of an outflow. 

In the first half of August, the day not stated, a party from 
the Challenger Expedition visited Kilauea. As reported in vol- 
ume I of the Scientific Results of the Expedition, p. 766, “a 
globular cloud ” was seen over the summit of Mt. Loa, which 

* Hawaiian Gazette, Sept. 3, 1873. 
+ Coan, this Journ. xiv, 68, 1877, letter of March 17, 18 


| 


J. D. Dana—History of the Mt. Loa Summit Crater, 29 


was “ perpetually reformed by condensation,” and had “a bril- 
liant orange glow at night, looking as if a fire were raging in 
the distance.”* 


1876, February 18.—Another grand display from the sum- 
mit crater, but of short duration. No outflow is reported.t 


1877, February 14.—The display of light on the 14th, says 
Mr. Coan,t was “most glorious.” The columns of illumin- 
ated steam rose “ with fearful speed to a height of 14,000 to 
17,000 feet, and then spread out into a vast fiery cloud, looking 
at night as if the heavens were on fire.” The brilliancy con- 
tinued only for ten days. 

No outflow is positively known to have occurred, but it is 
probable that a submarine discharge took place off western 
Hawaii. The steamer brought passengers from Honolulu to 
visit the mountain, but returned as the fire had disappeared. 
But before the vessel was fairly out of sight of land, “a remark- 
able bubbling was seen in the sea about three miles south of 
Kealakekua, a mile from the shore,” and steam and scoria 
were thrown up. 

Mr. H. M. Whitney states that “blocks of lava two feet 
square came up from below, striking and jarring the boats”; 
and “nearly all the pieces on reaching the surface were red- 
hot;” “as soon as they became cold they sunk. This eruption 
took place on the 24th of February, the day the light disap- 
peared from the summit.§ 

On the land new fissures were opened up the mountain that 
had a westward course toward the place of submarine disturb- 
ance. An earthquake is reported as having been felt in the 
fissured region, but not at Kealakekua. A heavy tidal or earth- 
quake wave occurred about this time along the coast of Kona. 


[1877, May 10th.—A destructive earthquake wave was felt 
at the Hawaiian Islands on May 10th, 1877, which rose at Hilo 
toa height of 36 feet. But it was of South American origin, 
where there were heavy earth-shocks, and not of Hawaiian. | 


1880, May 1.—Early in the morning of May Ist, a light was 
seen at or near the summit, which soon after became intense so as 
to illuminate Hilo at night. It indicated violent activity, and 
led to an expectation of a great eruption. But clouds obscured 
the mountain for a few days, and when they disappeared, the 
light was gone. On the 2d and 4th of May, flocks of Pele’s 
hair and light particles of volcanic dust, drifted by the wind, 


* See also Moseley’s “ Notes by a Naturalist of the Challenger,” London, 1879, 
p. 500. 
+ Coan, this Journ., xiv, 68, 1877, letter of March 17, 1877. t Ibid. 
Hawaiian Gazette, Feb. 28, 1877. 
Coan, this Journ., IIT, xx, 7, letter of May 3-6, 1880. 
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fell over Hilo. According to reports from Puna and Kau, the 
action had not ceased by May 6th. Mr. Brigham reports* that 
his guide was at the summit at the time and saw boiling lava 
in the south crater; and that the top of the jets were visible 
to the native while he was lying down some distance from the 
brink; which would make the height of the jets, Mr. Brig 
ham says, 1,000 feet. As the depth of the crater was not over 800 
feet, his estimate is probably too high. Mr. Goodale, one of the 
party who ascended at that time, reported (as Mr. E. P. Baker 
writes me) that the lavas were thrown 60 or 80 feet above the 
brink of the crater on which the party were standing; and 
this confirms the report of the native guide and makes the 
height of the fountain nearly 900 feet. 


1880, July 28.—At this date, Mr. W. T. Brigham found the 
crater without action as stated in his paper on page 35. The 
walls were much fissured about the southern pit ; fresh-looking 
lavas covered the bottom; and a small area was seen on the 
west border of the pit, which was probably of recent ejection. 
Moreover, about the region around the crater there was much 
of the spongy scoria, some masses a foot in diameter. 

1880, Vov. 5 to Aug. 10, 1881, nine months.—No “ violent 
demonstrations or earthquake ” announced the great eruption. 
The first light was visible in the evening of Friday from 
Waimea, and a few hours later in the night, from Hilo; and 
after midnight’ “ the lavas could be distinctly seen leaping like 
a fountain into the air.” The stream flowed northeastward, 
between those of 1852 and 1855, and by Sunday, the 7th, had 
reached the plain between Loa and Kea, a distance of 7 or 8 
miles. From there it turned eastward toward Hilo. 

A second stream, starting from near the source, flowed off 
to the southward toward Kilauea, which made in all a length 
of about ten miles.+ 

As observed by Judge Hitchcockt on the 10th or 11th, from 
the Kalaieha Hills at the south foot of Mt. Kea (see e Plate I), 
the stream, along for 8 miles northward to the plain, was a con 
tinuous belt of fire, in steady flow, and also beyond this for 
some miles toward Hilo. The regular flow was interrupted 
half way from the plain to the source by the lavas rising into 
a huge dome, from which they flowed over like an immense 
fountain ; : but there was no fountain at the source. 

In 4 months, on Mareh 25, the stream was within 7 miles of 


* Brigham, ibid., xxxvi, p. 33. 

+ Coan, Hitchcock, this Journal, III, xxi, 79, letter of Nov. 9-12, 1880; xxii, 
227, 228, letter of June 28th _ July 21st, 1881, and xxii, 322, letter of Aug. 
24, 1881; Life in Hawaii, p. 32 

¢ This Journal, ibid., xxi, 79 pm xxii, 226. 


J. D. Dana—History of the Mt. Loa Summit Crater. 31 


Hilo, or about 26 miles long; in 7% months, June 28, within 5 
miles; in 8$ months, July 18, about 2 miles; and August 10, 
9 months after the outflow began, it stopped within three- 
fourths of a mile of Hilo. On June 30th, the movement, just 
beyond the Hilo tufa hills (the Halai Hills) was, as stated by 
Mr. D. H. Hitcheock, about 75 feet an hour. 

In acommunication tothe Commercial Advertiser for Novem- 
ber 20th,* the formation of the va or clinker fields is described 
as follows by Judge Hitcheock. ‘The whole broad front of 
the then sluggish stream was a mass of solidified lava twelve 
to thirty feet in height, moving slowly along by breaking and 
bearing onward the crusted covering; along the whole line of its 
advance it was one crash of rolling, sliding, tumbling, red-hot 
rock, no liquid rock being in sight; there were no explosions, 
but a tremendous roaring, like ten thousand blast furnanees all 
at work at once. The rough blocks lie piled together in the 
wildest confusion, many as large as ordinary houses. They 
[clinker-fields] form only when the movement is slow.” 


1882.—In this year (the month not stated) Capt. C. E. Dut? 
ton made his visit to the summit (Report, page 139). He 
found “no volcanic action whatever,” “not even a wisp of 
steam issuing from any point ;” and he makes no mention of 
any cinder cone at the bottom. 


February, 1883.—Prof. C. H. Hitchcock was at the summit 
on the 15th, and found no activity. ‘A snow squall struck 
us, and the entire floor of the crater was white with snow.” 

1885.—In April, 1585, Rev. E. P. Baker visited the crater 
and descended to its bottom. It was all quiet. In September 
and October of 1885, Rev. J. M. Alexander made a survey of 
the summit crater, for the Government survey, as described on 
a following page. At the summit around the crater, for a 
breadth of a fourth of a mile he observed many blocks from 
50 pounds to a ton in weight of a “solid, flinty lava.” The 
bottom of the crater was mainly flat with fresh lavas, and had 
two cones in it as represented on the map, the southwestern 
140 feet high and smoking; steam was rising from numerous 
cracks but no fires were visible. 

1887, January and February.—In December, 1886, earth- 
quakes began to be frequent in southwestern Hawaii, and in 
increasing numbers and violence ; by the 12th of January they 
averaged three a day. Between 2" 12’ a.m. of Jan. 17 and 
4" 4. M. of the 18th, 314 shocks were counted in Kahuku by 
Mr. George Jones, 67 between the latter date and midnight, 
and 8 the following day. In Hilea, ten miles west, 618 were 
counted between 2 A. M. of the 16th and 7 P. M. of the 18th. 


* Hitchcock, ibid., xxii, 228. Commercial Advertiser. 
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On the night of the 16th, with the sudden increase in the 
earthquakes, tires broke out at the summit near the small crater 
south of the summit crater (Pohaku o Hanalei, plate 1), and 
in a few hours disappeared. The height of the outbreak, ac- 
cording to Mr. E. P. Baker, was 11,500 feet. On the 18th, at 
7 a. M., three hours after the cessation of the earthquakes, an 
outbreak took place in Kau, north of Kahuku. The lavas 
came from a fissure about 6,500 feet above the sea-level and 
26 miles from the sea, and reached the sea at noon on the 19th, 
nearly four miles w est of the flow of 1868. It extended the 
shore outward 300 to 500 feet without. making a cinder cone 
on the sea-border. By noon of the 24th the flow had stopped, 
but the fires were still active along the stream. 

At the outburst the lavas were thrown up into fountains; 
about 80 feet in diameter, and 80 to 100 in height. They were 
photographed ; and two of the views, representing the same 
part of the stream and one fountain, are shown on plate III. 
Mr. Spencer, who visited the source on the 20th, states that 
there were fifteen fountains and that the highest was 200 feet ; 
others make the height not over half this amount. The stream 
is stated to have flowed away bearing bowlders weighing tons, 
with explosions at intervals. The lava was mostly of the aa 
kind. 

The earthquake in Kau threw down walls that had a north- 
east and southwest direction, the throw - as to the southeast ; 
and light wooden houses were moved 8 or 10 inches in the 
same direction or down the slope. 

On February 20th, Mr. D. W. Hitchcock was at the summit 
and found vapors issuing from large fissures. 

Kilauea was moderately active during the period of eruption, 
rather increasing in activity with its progress, but without 
evincing special disturbance or sympathy.* 

1887, December 29.—A letter from Mr. J. S. Emerson, dated 
Kohala, Hawaii, December 29th, states that the view of the 
summit of Loa from that place indicates activity in Mt. Loa. 
“ Volumes of smoke and steam have been pouring out of the 
summit crater, but no glow or reflection of fire has been ob- 
served.” “The summit is now heavily coated with snow.” 
Another letter of April states that on March 29th, 1888, 
the signs of activity at the summit had disappeared ; the 
exact time of their cessation was probably early in February.” 


[To be continued. ] 


* The above is from the Pacific Commercial Advertiser and Hawaiian Gazette 
of Honoluiu; this Journal, xxxiij, 310, 1887. 
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Art. ITI.—On the Summit Crater of Mt. Loa in 1880 and 


1885. 


1. Nores on AN ASCENT IN 1880, ABOUT THREE MONTHS BEFORE 
THE GREAT ERvprioN OF THAT YEAR; BY W. T. Briguam. 


On the first of May, 1880, fire was seen in the crater of 
Pohaku Hanalei on the summit of Mauna Loa. Persons who 
made the ascent saw a fire-fountain much like that observed in 
1872, but no overflow followed, and the fires soon disappeared. 
On the morning of July 26, I left Kilauea for Kapapala. The 
next morning, while waiting at Stone’s Ranch for a guide over 
the trackless beds of aa and clinker on the great mountain, an 
earthquake occurred at 8.30 A. M. local time. It lasted three 
seconds, and was accompanied by a loud subterranean noise 
resembling that of the looms in a cotton mill. The vibration 
was by no means so noticeable as the noise. Journeying over 
a grazing land covered with coarse grass and dotted here and 
there with blighted koa trees, we reached Ainapo (Land of 
Darkness) at 145 p.m. Although at an elevation of at least 
5,000 feet, the temperature was at 75°. Late in the afternoon 
I mounted a fine mule that had been loaned me by a friend, 
and, with Ahuai for guide, left the ranch. In 1864, with Mr. 
Horace Mann, I climbed the mighty dome on foot on the 
opposite side; but this path was, if possible, worse. The 
forest had been burned, and the blackened stems of the trees 
were dismal objects unless covered with the akala, a gigantic 
raspberry vine. The soil in these lower regions seems good, 
but the ground is much broken, and so full of holes that it 
would be very dangerous to ride out of the trail after dark. 
Even in the afternoon, vapors ascended from these holes, which 
often, if not always, communicated with caverns in the ancient 
lava streams, and as the day waned the vapors became more 
distinct. I found, as the average of several trials, that the 
temperature was only two or three degrees higher than the out- 
side air. As we ascended, the actual temperature of the vapor in 
these holes increased, and of course the relative temperature 
was much higher. I inferred from this that the inner moun- 
tain mass was hotter than usual, as I had never observed so 
great a difference before, and that an eruption was at hand. 

At the upper limit of vegetation we camped, giving our ani- 
mals the little bundles of hay we had brought for the purpose. 
The night was cold and on the morning of July 28, at sunrise, 
the thermometer marked 52°. We broke camp at five o’clock 
and reached the summit at half-past ten. A rougher mass of 
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lava I have seldom seen and never before ridden over. Beds 
of aa were succeeded by piles of jagged scoria in fragments 
from one to twenty cubic feet in bulk, and over these my mule 
jumped like a chamois. At last we came upon a level plain 
from which had poured the lava that had hindered our ascent. 
Although we were on the summit, the crater, Mokuaweoweo, 
did not at first appear, but on every side were rough piles of 
lava, some recent, and abundant deposits of the vesicular lava 
ealled Zimu. This limu.is of a pale green color presenting the 
appearance of vegetation. Some fragments of it were a foot 
in diameter, the exterior glazed and of a much darker green, 
the whole very vesicular and so full of air as to float on water. 
In appearance it was frozen froth. In the midst of this waste 
plain we found the crater. Since I saw it fifteen years before 
reat changes had occurred. Then no change but the gradual 
decay of time seemed imminent; all was the repose of the 
dead. There were some concentric cracks in the outer walls, 
but the lava between these cracks and the crater itself was so 
solid as to retain snow and ice all the summer, and the descent 
into the crater could be made only where the smaller craters 
broke into the outer wall. On both the east and west sides the 
precipices of gray, scarred and compact lava rose to the height 
of nearly a thousand feet, and seemed coeval with the moun- 
tain. At the present time, these ancient walls were cracked 
and tottering to their fall; in some places they much resembled 
a wall of loose stones artificially laid. It was dangerous to 
approach the brink of Pohaku Hanalei so loose were the lava 
blocks, and the vibrations caused by my approach seemed to 
extend downward several hundred feet toward the talus which 
had been the result of a tremor more severe than usual. By 
lying down I was able to look over and test the height by 
timing the fall of stones. The bottom of this lateral pit, as of 
the main crater, was comparatively level, without cones, and 
gave no indications of the source whence the fresh black lava 
that covered it had issued. At my former visit in 1864 there 
were two cones in’ Mokuaweoweo about 200 feet high near 
the eastern wall. In 1870, when Mr. Luther Severance as- 
cended the mountain, there were no cones, although the bot- 
tom was much broken and sloped from west to east. From his 
sketch we learn that at #* the wall was very steep; at ¢ the 
height was estimated at 1,200 feet; at A were sulphur banks 
smoking, but not violently ; ¢ marks the point where the trail 
from Kapapala ends; @ the point where Mr. Mann and I came 
to the crater in 1864; 5 is the small southern crater, Pohaku 
Hanalei, and @ is where I found the wall tottering in 1880. 
* For these letters, see Mr. Alexander’s map, plate 2, to which they have 
been transferred. The crater called Pohaku Hanalei by Mr. Brigham is the South 
Crater of Mr. Alexander.—J. D. D. 
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In 1874 the crater was surveyed by Mr. John Lydgate, of 
the Government Survey, and the cones had again formed, two 
being in the northern lateral crater, and two (m and x) in the 
main pit. In 1880 with this survey before me, the changes 
seemed to be mostly in the outer wails which had crumbled 
extensively, changing the outline, but not enough to be in- 
dicated on a plan so small. In addition, the cross walls,7 and 
k were obliterated, and the bottom of the crater was covered 
with fresh lava. On this, along the edges was a talus of old 
lava from the walls, showing plainly that an earthquake had 
oceurred since the eruption of May 1. No sulphur banks or 
steam jets were seen from either ¢ or a, and the deposit of 
“limu,” added to the roughness of the lava, deterred me from 
making the circuit of Pohaku Hanalei to examine a very ex- 
tensive break on the farther side which looked fresh. Near 
this break was a black and glistening stream of lava, like that 
on the bottom of Mokuaweoweo, which extended from the 
edge of the opposite bank (7) as far to the westward as could 
be seen over the undulating surface. Whence this issued was 
not easily determined. If it was, as at first appeared to be the 
ease, an overflow from the crater, how could this have been 
full and yet have left no fresh lava on the broken walls ? 
Usually when a pit crater fills up and is emptied from be- 
neath, the sinking lava leaves a rim or “Black Ledge;” but 
there is nothing of the sort here. If the stream flowed into 
the crater then the wall over which it came has tumbled down 
and so removed all traces. I finally concluded that it owed 
its origin to some of the inclined lava jets that spouted out 
clear of the crater. 

My guide Ahuai had seen the fountain of May 1, and he 
assured me that it came up level with the outer walls of 
Pohaku Hanalei, so that the top was visible as he was lying 
down some distance from the brink. This would indicate a 
height of nearly a thousand feet—not an insignificant jet! 

I was convinced that the eruption of May 1 was but the 
avant courier of a greater one, and as the termination of my 
visit was near, I asked those who were interested in these mat- 
ters to watch for events and report to me. The new eruption 
began on the 5th of November, and it proved the beginning 
of the most extensive lava flow that has been recorded from 
the Hawaiian volcanoes. 


2. On THE Summit CRATER IN OcTOBER, 1885, AND ITs SURVEY; 
By J. M. AtexanpeR. With Plate II. 


During the year 1885 I was engaged for many months in 
surveying lands on Mauna Hualalai and Mauna Loa, in Hawaii, 
and in that way had an opportunity of making investigations 
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of craters and lava-flows that have some interest connected with 
the study of volcanic phenomena. 

On the Ist of September, 1885, I set out in company with 
Mr. J. S. Emerson, of the Hawaiian Government Survey, to 
ascend the mountain from the table land east of Hualalai, along 
the south side of the lava-flow of 1859. Our route led first 
through a narrow belt of forest, consisting of mamane, ohia and 
sandalwood trees; then through a scanty vegetation of ohelos 
and the beautiful Cyathodes Tameiameie, and at last beyond 
the limits of vegetation, without a vestige of moss or 7 
over a waste of “pahoehoe” lava, traversed by tracts of “< 
and deep chasms. 

At about two-thirds of the distance toward the summit we 
passed the ragged crater hill from which the outbreak of 1859 
had issued, and here our path was strewed with pumice and 
“Pele’s hair” from that eruption, An enormous quantity of 
lava was poured forth from the small fissure of this crater, 
forming a stream from half a mile to two miles wide, and 
reaching nearly thirty miles to the ocean at Kiholo. Lower 
down I counted eighteen species of ferns and a dozen kinds of 
phenogamous plants already growing on this flow. 

Reaching the brink of the vast crater, we found that along it 
were numerous deep fissures filled with ice and water, making 
ready for avalanches into the crater. Here, and for a quarter of 
a mile below, we observed many rocks of different kind from 
the surface lavas, solid, flinty’ fragments of apparently the 
foundation walls, weighing from fifty pounds to a ton, which 
had formerly been hurled out during eruptions. I noticed 
similar rocks around the summit craters of Hualalai. 

At evening the fog lifted and gave us a glimpse into the 
craters. The central crater (see Plate II) was surrounded by al- 
most perpendicular walls, and had a pahoehoe floor streaked 
with gray sulphur er acks, from hundreds of which there issued 
columns of steam, and in the south end stood a still smoking 
cone. South of this central crater, there was a high plateau 
(C), and beyond this plateau, still farther south, an opening 
into another crater small and deep (D). In the opposite direc- 
tion, north of the central crater, appeared another higher cra- 
ter, like an upper plateau (B) from which atorrent of lava had 
once poured into the central crater, and north of this again 
another crater (A), like a still higher plateau, from which “also 
lava had flowed southward. 

Thus it was evident, as appeared more clearly by subsequent 
investigation, that Mokuaweoweo is not simply one crater, but 
a series of four or five craters, the walls of which have broken 
down, so that they have flowed into each other. 

We erected a survey signal for determining the location and 
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height of the summit, and also of an important land ‘boundary 
in the crater, viz: the corner where the four lands of Keauhou, 
Kahuku, Kapapala and Kaohe meet, which is at the cone in 
the central crater. 

During the next month I ascended the mountain again, this 
time carrrying an excellent engineer’s transit. In the clear 
frosty air at the summit station I was able to take the bearings 
of a dozen survey signals on the slopes and summit of Hualalai. 
The new spherical signal which I had erected was afterwards ac- 
curately determined by observations from more than twenty sta- 
tions on Mauna Kea, Hualalai and in South Kona, and thus a 
trigonometrical station was at last located on the very summit 
of Mauna Loa. 

On the second day I descended into the central crater, and 
found much of the bottom to consist of the most solid kind of 
“pahoehoe ;” but in some large tracts the pahoehoe was cov- 
ered with pumice, indicating the violence of the former surg- 
ing and tossing of the lava. Just before reaching the cone we 
came to a deeper basin (E) twenty or more feet below the rest 
of the crater bottom and about 400 feet wide, covered with 
the most friable lava, swollen upward as though raised by air 
bubbles, and this basin extended into a lava flow (LL) north- 
eastward along the side of the crater. Probably this was the 
place of the last eruption and of most of the eruptions of this 
central crater. The cone, 140 feet high, was composed of 
pumice and friable lava still hot and smoking. We ascended 
it and set up a flag there for the boundary corner. 

I returned to the second plateau to the north (B), and 
thence clambered wut to the east of Mokuaweoweo by the 
route of a former cataract of lava from the summit into the 
erater, the black, shining spray of which lay spattered on the 
surrounding rocks. Farther south there were the courses of 
two other cataracts, which had poured directly into the central 
crater. At the summit I found the deep fissure from which 
these cataracts had been supplied with lava, and ascertained 
that it had also poured an immense stream north upon the first 
plateau and thence south into the central crater. Crossing 
from this place to the north over the first plateau I suddenly 
came to a circular crater in the bed of the plateau (A’), appar- 
ently 600 feet deep and 1,000 feet wide, with a cone in its cen- 
ter still smoking. The next day we took the transit to the sta- 
tions in the crater, and the following surveyed along the west- 
ern brink to the extreme south end, where we looked into the 
South Crater (D), which is about 800 feet deep and 2,500 feet 
wide. The length of the whole chasm I ascertained to be 
about 19,000 feet, the greatest breadth 9,000 feet, and the 
greatest depth 800 feet; and the area, three and six-tenths 
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square miles. The map* of Plate II is reduced from the map 
sent to the Government as the result of the survey. 

On the southwest side, near the junction of the central cra- 
ter with the south plateau (C), I found that there had been 
another eruption from fissures that were still smoking, and 
that this eruption had sent an immense stream southward tow- 
ard Kahuku, and had also poured cataracts into the South Cra- 
ter from all sides. 

I had everywhere observed that there had been great flows 
from the summit brink down the mountain, and questioned 
whether the chasm had filled up and overflowed its brim. 
This, however, turned out to be an incorrect view. The flows 
have not been from the lowest parts of the brim, but from some 
of the highest, which could not have been the case in an overtiow. 
The walls of the craters largely consist of loose, old weather- 
beaten rocks, and large tracts of the plateau are composed of 
old pahoehoe, that has not been overflowed for ages, which 
would not be the ease if the craters had filled and overflowed. 

These outbreaks from fissures around the rim indicate that 
the lava has rather poured nto the crater than out of at; and 
that it has flowed from such fissures in vast streams down the 
mountain side. The question arises, How has the lava risen 
high enough to pour in extensive eruptions through these fis- 
sures, almost a thousand feet above the bottom of the crater, 
without rising in the crater and overflowing it? The same 
question has often been asked in respect to the rise of liquid 
lava to the summit of Mauna Loa without overflowing the 
open crater of Kilauea, 10,000 feet below. 

While surveying the region, I was extremely interested in 
the ari rangement of the craters; and now, having determined 
the situation of more than fifty of them on Mauna Loa, Hua- 
lalai and Mauna Kea, I have ascertained that there is a method 
in their arrangement. They are not arranged relatively to the 
mountain on which they are situated, but relatively to the 
points of the compass. There seems to have been a series of 
nearly parallel fissures through which these craters have risen, 
in lines running from 8. 40 deg. E. to 8. 60 deg. E. There 
are a few ar ranged in lines running N. 50 deg. E. 

It has been ag by Mr. W.T.B righam, in his memoir 
of 1868 on the Volcanoes of the Hawaiian Islands, that while 
the general trend of the Hawaiian group and of the major axis 
of each island is N. 60 deg. W., there is no crater on the 
Islands whose major axis is pi avallel to this line. “On the con- 
trary,” he continues, “a very interesting parallelism is ob- 

* To this map the depths of the different parts of Mokuaweoweo below the 
summit levei have been added from estimates received in a letter from the author. 
The direction of the northern and southern halves of the longer diameter of the 
crater have also been added on the margin.—J. D. D. 
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served among all the craters, and invariably the longest diame- 
ter is north and south.” It would be more correct ‘to say that 
the major axes of the great craters are usually at right an- 
gles to the general axis of the group, i. e., about N. 30 deg. E. 
Haleakala and the ancient Kipahulu crater appear to take the 
other direction, but the statement is certainly true of the great 
craters of Kilauea and Mokuaweoweo, which have other points 
of resemblance. 

Thus in both the highest walls are on the western side, and 
in both the action is working toward the southwest, as is indi- 
cated by the fact that the northeast craters are nearly filled up, 
while the deepest and active craters are in the southwest end 
of the depression. 


Art. [V.—On an Explanation of the action of a Magnet 
on Chemical Action ; by Henry A. Row.anpd and Lovis 
BELL.* 


In the year 1881 Prof. Remsen discovered that magnetism 
had a very remarkable action on the deposition of copper from 
one of its solutions on an iron plate, and he published an account 
in the American Chemical Journal for the year 1881. There 
were two distinct phenomena then described, the deposit of 
the copper in lines approximating to the equipotential lines 
of the magnet, and the protection of the iron from chemical 
action in lines around the edge of the poles. It seemed proba- 
ble that the first effect was due to currents in the liquid pro- 
duced by the action of the magnet on the electric currents set 
up in the liquid by the deposited copper in contact with the 
iron plate. The theory of the second kind of action was 
given by one of us, the action being ascribed to the actual 
attraction of the magnet for the iron and not to the magnetic 
state of the latter. It is well known since the time of Faraday 
that a particle of magnetic material in a magnetic field tends 
to pass from the weaker to the stronger portions of the field, 
and this is expressed mathematically by stating that the force 
acting on the particle in any direction is proportional to the 
rate of variation of the square of the magnetic force in that 
direction. This rate of variation is gre atest near the edges 
and points of a magnetic pole, and more work will be required 
to tear away a particle of iron or steel from such an edge or 
point than from a hollow. This follows whether the tearing 
away is done mechanically or chemically. Hence the points 
and edges of a magnetic pole, either of a permanent or induced 
magnet, are protected from chemical action. 


* Read at the Manchesier meeting of the British Association, September, 1887. 
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One of Prof. Remsen’s experiments illustrates this most 
beautifully. He places pieces of iron wire in a strong mag- 
netic field, with their axes along the lines of force . On 
attacking them with dilute nitric acid they are eaten away 
until they assume an hour-glass form, and are furthermore pit- 
ted on the ends in a remarkable manner. On Prof. Remsen’s 
signifying that he had abandoned the field for the present, we 
set to work to illustrate the matter in another manner by means 
of the electric currents produced from the change in the elec- 
trochemical nature of the points and hollows of the iron. 

The first experiments were conducted as follows: Two bits 
of iron or steel wire about 1™ in diameter and 10™™ long were 
imbedded side by side in insulating material, and each was 
attached to an insulated wire. One of them was filed to a 
sharp point, which was exposed by cutting away a little of the 
insulation, while the other was laid bare on a portion of the 
side. The connecting wires were led to a reflecting galvan- 
ometer, and the whole arrangement was placed in a small 
beaker held closely between the poles of a large electromagnet, 
the iron wires being in the direction of the lines of force. 
When there was acid or any other substance acting upon iron 
in the beaker, there was always a deflection of the galvanome- 
ter due to the slightly different action on the two poles. When 
the magnet was excited the phenomena were various. When 
dilute nitric acid was placed in the beaker and the magnet 
excited, there was always a strong throw of the needle at the 
moment of making circuit, in the same direction as if the 
sharp pointed pole had been replaced by copper and the other 
by zine. This throw did not usually result in a permanent 
deflection, but the needle slowly returned toward its starting 

oint and nearly always passed it and produced a reversed 
deflection. This latter effect was disregarded for the time being, 
and attention was directed to the laws that governed the ap- 
parent “ protective throw,” since the reversal was so long de- 
layed as to be quite evidently due to after effects and not to 
the immediate action of the magnet. 

With nitric acid this throw was always present in greater or 
less degree, and sometimes remained for some minutes as a 
temporary deflection, the time varying from this down to a 
few seconds. The throw was independent of direction of 
current through the magnet, and apparently varied in amount 
with the strength of acid and with the amount of deflection 
due to the original difference between the poles. This latter 
fact simply means that the effect produced by the magnet is 
more noticeable as the action on the iron becomes freer. 

When a pair of little plates exposed in the middle were sub- 
stituted for the wires, or when the exposed point of the latter was 
filed to a flat surface, the protective throw disappeared, though 
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it is to be noted that the deflection often gradually reversed 
in direction when the current was sent through the magnet ; 
i. e., only the latter part of the previous phenomenon appeared 
under these circumstances. 

When the poles, instead of being placed in the field along the 
lines of foree, were held firmly perpendicular to them, the pro- 
tective throw disappeared completely, though as before there 
was a slight reverse after-effect. 

Some of Professor Remsen’s experiments on the corrosion 
of a wire in strong nitric acid were repeated with the same 
results as he obtained, viz: the wire was eaten away to the 
general dumb-bell form, though the protected ends instead 
of being club-shaped were perceptibly hollowed. When the 
wire thus exposed was filed to a sharp point the extreme 
point was very perfectly protected, while there was a slight 
tendency to hollow the sides of the cone, and the remainder 
of the wire was as in the previous experiments. In both 
cases the bars were steel and showed near the ends curious 
corrugations, the metal being left here and there in sharp 
ridges and points. In one case the cylinder was eaten away 
on sides and ends so that a ridge of almost knife-like sharpness 
was left projecting from the periphery of the ends. 

These were the principal phenomena observed with nitric 
acid. Since this acid is the only one which attacks iron freely 
in the cold, in Prof. Remsen’s experiment, this was the one to 
which experiments were in the main confined. With the 
present method, however, it was possible to trace the effect of . 
the magnet whenever there was the slightest action on the iron, 
and consequently a large number of substances, some of which 
hardly produce any action, could be used with not a little facility. 

In thus extending the experiments some difficulties had to 
be encountered. In many cases the action on the iron was so 
irregular that it was only after numerous experiments under 
widely varying conditions that the effect of the magnet could 
be definitely determined. Frequently the direction of the 
original action would be reversed in the course of a series of ex- 
periments without any apparent cause, but in such case the 
direction of the effect due to the magnet remained always un- 
changed, uniformly showing protection of the point so long as 
the wires remained parallel to the lines of foree. When, how- 
ever, the original action and the magnetic effect. coincided in 
direction, the repetition of the latter showed a decided ten- 
deney to increase the former. 

When using solutions of various salts more or less freely pre- 
cipitated by the iron, it frequently happened that the normal 
protective throw was nearly or quite absent, but showed itself 
when the magnet circuit was broken as a violent throw in the 
reverse direction, showing that the combination had been act- 
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ing like a miniature storage battery which promptly discharged 
itself when the charging was discontinued by breaking the cur- 
rent through the magnet. The gradual reversal of the current 
some little time after exciting the magnet was noted frequently 
in these cases, as before. Owing to this peculiarity and their 
generally very irregular action, the various salts were disagree- 
able substances to experiment with, though as a rule they gave 
positive results. 

Unless the poles were kept clean experimenting became 
difficult from the accumulation of decomposition products 
about them and oxidation of their surfaces. A few experi- 
ments showed how easily the original deflection could be mod- 
ified, nearly annulled or even reversed in direction by slight 
differences in the condition of the poles. These difficulties of 
the method are, however, more than counterbalanced by its 
rapidity and delicacy when proper precautions are taken. 

Nearly thirty substances were tested in the manner previ- 
ously described; but comparatively few of them gave very 
decided effects with the magnet, though, as later experiments 
have shown, the protective action is a general one. The sub- 
stances first tried were as follows. The table shows the various 
acids and salts tried, and their effects as shown by the original 
apparatus : 


Effect due to 


Substances, 
magnet. 


Nitric acid Always powerful protective throw. 
Sulphurie ‘ Little or nove. Does not act very readily on the iron, 
Hydrochloric 

Acetic ‘ None. 

Formic 

Oxalic 

Tartaric 

Chromic * ....| Some effect. Sometimes quite distinct throw, irregular. 
Perchloric Much less marked than with chromic. 
Chloric None. 

Bromic 

Phosphoric 7 = Hardly any effect on iron. 

Permanganic ‘“ ...-) Slight effect. | More than with perchloric. 

Chlorine water Decided “| 
Bromine 
Todine 


Copper sulphate | Mainly showing as throw, on breaking. 


“ 
tartrate Slight. 
Mercuric bromide Some. Throw, on breaking. 

chloride Very slight solution, weak. 
Mercurous nitrate .... Mainly as throw on breaking. _[breaking. 
Ferric chloride Decided. | Both protective throw, and sometimes on 
Silver nitrate |} Some. Action very irregular. 
Platinum tetrachloride _! 
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Several things are worthy of note in this list. In the first 
place those solutions of metallic salts which are precipitated by 
iron all show distinct signs of protective action when the cur- 
rent is passed through the magnet. Of the various acids this 
is not generally true; only those show the magnetic effect, 
which act on iron without the evolution of hydrogen, and are 
powerful oxidizing agents. In general, substances which acted 
without the evolution of hydre gen gave an effect with the 
magnet. 

From these experiments it was quite evident that the protec- 
tive action, whatever its cause, was more general than at first 
appeared and steps were next taken to extend it to the other 
magnetic metals. Small bars were made of nickel and cobalt 
and tried in the same manner as before. These metals are 
acted on but very slightly by most acids, and the range of sub- 
_— which could be used was therefore very small, but all 
the substances which gave the magnetic effect with iron poles 
gave a precisely similar, though much smaller effect, whenever 
they were capable of acting at all on the nickel and cobalt. 
This was notably the case with nitric acid, bromine water, 
chlorine water, and platinum tetrachloride, which were: the 
substances acting most readily on the metals in question. Even 
with these powerful agents, however, the magnetic action was 
very much less than with iron, and ex ‘perimentation on metals 
even more weakly magnetic was evidently hopeless. 

Asa preliminary step toward ascertaining the cause of the 
magnetie action and its nonappearance where the active sub- 
stance evolved hydrogen, it now became necessary to discover 
ane if possible eliminate the cause of the reversal of the eur- 
rent which regulariy followed the protective throw. Experi- 
ments soon showed that it could not be ascribed to accumula- 
tion of decomposition products around the electrodes, and 
polarization, while it could readily neutralize the original de- 
flection, could not reverse its direction.” Whatever the cause, 
it was one which did not act with any great regularity, and it 
was soon found that stirring the liquid while the magnet was 
on, uniformly produced the effect observed. Since one pole 
was simply exposed over a small portion of its side while the 
other had a sharp projecting point, it was the latter which 
was most freely attacked when there were currents in the 
liquid, whether these were stirred up artificially or were pro- 
duced by the change in galvanic action due to the presence of 
the magnet. When the poles were placed in fine sand satu- 

rated with acid this reversing action was much diminished, and 
in fact anything which tended to hinder free circulation of the 
liquid produced the same effect. Several materials were tried 
and of these the most successful was an acidulated gelatine 
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which was allowed to harden around the poles. In this case 
the protective throw was not nearly as large as in the free 
acid, since the electrodes tended to become polarized while the 

elatine was hardening, and only weakly acid gelatine would 
harden at all; but the reversing action completely disappeared, 
so that, when the magnet was. put on, a permanent deflection 
was produced instead of a transitory throw. 

This point being cleared up attention was next turned to the 
negative results obtained with acids which attack iron with 
evolution of hydrogen. The galvanometer was made much 
more sensitive and removed from any possible disturbing 
action due to the magnet; and with these. precautions the origi- 
nal experiments were repeated, it seeming probable that even 
if the magnetic effect were virtually annulled by the hydrogen 
evolved, some residual effect might be observed. 

This residual effect was soon detected, first with hydrobro- 
mic acid, and then with hydrochloric, hydriodic, sulphuric and 
others. The strongest observed effect was with hydriodic 
acid, but as this may possibly have contained traces of free 
iodine it may be regarded as somewhat doubtful. The effect 
in all these cases was very small, and though now and then 
suspected in the previous work, could not have been definitely 
determined, much less measured. 

Some rough measurements were made on the electromotive 
forces involved in this class of phenomena by getting the 
throw of the galvanometer for various small known values of 
the E.M. F. The values found varied greatly, ranging from 
less than 0°0001 volt in case of the acids evolving hydro- 

en, up to 0:02 or 0:08 volts with nitric acid and certain salts. 
hese were the changes produced by the magnet, while the 
initial electromotive forces normally existing between the 
poles would be, roughly speaking, from 0-001 to nearly 0°05 
volts, never disappearing and rarely reaching the latter figure. 

From these experiments it therefore appears that the protec- 
tive action of the magnetic field is general, extending to all 
substances which act chemically on the magnetic metals. 
While this is so, the strongest effect is obtained with those 
substances which act without the evolution of hydrogen. But 
the series is really quite continuous, perchloric acid for instance 
producing but little more effect than hydrobromic, while this 
in turn differs less from perchloric than from an acid like 
acetic. It seems probable that the action of the hydrogen 
evolved is partially to shield the pole at which it is evolved, 
and lessen the difference between the poles produced by the 
magnet. It probably acts merely mechanically, for it is to be 
noted that those acids which evolve a gas other than hydrogen 
(perchloric acid, for instance), which is not absorbed by the 
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water, tend to produce little magnetic effect compared with 
those which act without the evolution of any gas. 

As to the actual cause of the protective action exercised by 
the magnetic field, all these experiments go to show that it is 
quite independent of the substance acting, with the exception 
above noted, and is probably due to the attractive action of the 
magnet on the magnetic metals forming the poles subjected to 
chemical action, as we have before explained. 

In the first place, whenever iron is acted upon chemically in 
a magnetic field those portions of it about which the magnetic 
force varies most rapidly are very noticeably protected, and 
this protection as nearly as can be judged varies very nearly 
with the above quantity. Wherever there is a point there is 
almost complete protection, and wherever there is a flat surface, 
no matter in how strong a field, it is attacked freely. When- 
ever in the course of the action there is a point formed, the 
above condition is satisfied and protection at once appears. 
Thus, in the steel bars experimented on, whenever the acid 
reached a spot slightly harder than the surrounding portions it 
produced a little elevation from which the lines of force di- 
verged, and still further shielding it produced a ridge or point, 
sharp as if cut with a minute chisel. Nickel and cobalt tend 
to act like iron, though they are attacked with such difficulty 
that the phenomena are much less strongly marked. With the 
non-magnetic metals they are completely absent. Now, turn- 
ing to the experiments with the wires connected with a galvan- 
ometer, the same facts appear in a slightly different form. 

When the poles were placed perpendicular to the lines of 
force instead of parallel to them, the magnet produced no 
effect whatever, showing, first, that the effect previously ob- 
served depended not merely on the existence of magnetic 
force but on its relation to the poles, and, secondly, that when 
the poles were so placed as to produce little deflection of the 
lines of force the protective effect disappeared. 

When the pointed pole was blunted the effect practically 
disappeared, the peles remaining parallel to the lines of force, 
and when plates were substituted for the wires no effect was 
produced in any position, showing that the phenomena were 
not due to the directions of magnetization but to the nature of 
the field at the exposed points. In short, whatever the shape 
or arrangement of the exposed surfaces, if at any point or 
points the rate of variation of the square of the magnetic 
force is greater than elsewhere, such points will be protected, 
while if the force is sensibly constant over the surfaces ex- 
posed there will be no protection at any point. With all the 
forms of experimentation tried this law held without excep- 
tion. It therefore appears that the particles of magnetic mate- 
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rial on which the chemical action could take place are governed 
by the general law of magnetic attraction and are held in place 
against chemical energy precisely as they would be held against 
purely mechanical force. To sum up: 

When the magnetic metals are exposed to chemical action 
in a magnetic field such action is decreased or arrested at any 
points where the rate of variation of the square of the mag- 
netic force tends toward a maximum. 

It is quite clear that the above law expresses the facts thus 
far obtained, and while in any given case the action of the 
magnet is often complicated by subsidiary effects due to cur- 
rents or by-products, the mechanical laws of motion of parti- 
cles in a magnetic field hold here as elsewhere and cause the 
chemical action to be confined to those points where the mag- 
netic force is comparatively uniform. 

The effect of currents set up in the liquid during the action 
of the magnet cannot be disregarded especially in such experi- 
ments as those of Nichols (this Journal, xxxi, 272, 1886) where 
the material acted on was powdered iron and the disturbances 
produced by the magnet would be particularly potent. The 
recent experiments of Colardeau (Journal de Physique, March, 
1887) while perhaps neglecting the question of direct protec- 
tion of the poles, have furnished additional proof of the 
purely mechanical action of the magnet by reproducing some 
of the characteristic phenomena where chemical action was 
eliminated and the only forces acting were the ordinary mag- 
netic attractions. 

An attempt was made to reverse the magnetic action, i. e. to 
deposit iron in a magnetic field and increase its deposition 
where there was a sharp pole immediately behind the plate on 
which the iron was being deposited. This attempt failed. 
The action was very irregular and the results not decisive. 
The question of stirring effect was also examined. Usually 
stirring the liquid about one pole increased the action on that 

le, but sometimes produced little effect or even decreased it. 

his however is in entire agreement with the irregular action 
sometimes observed in the case of the after-effect in the orig- 
inal experiments. 

An excellent method of experiment is to imbed an iron 
point in wax leaving the minute point exposed: imbed a flat 
plate also in wax and expose a point in its center. Place the 
ee opposite to the plate, but not too near and place in the 
iquid between the poles of a magnet and attach to the galva- 
nometer as before. 

There is a wide field for experiment in the direction indi- 
cated above, for it is certainly very curious that the effect 
varies so much. If hydrogen were as magnetic as iron, of 
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course acids which liberated it would have no action. But it 
is useless to theorize blindly without further experiment ; and 
we are drawn off by other fields of research. 

In this Journal for 1886, (1. ¢.) Professor E. L. Nichols has 
investigated the action of acids on iron in a magnetic field. 
He remarks that the dissolying of iron in a magnetic field is 
the same as removing it to an infinite distance and hence the 
amount. of heat generated by the reaction should differ when 
this takes place within or without the magnetic field. Had he 
cealeulated this amount of heat due to the work of withdrawing 
it from the field, he would probably have found his method of 
experiment entirely too rough to show the difference, for it 
must be very small. He has not given the data, however, for 
us to make the caleulation. The results of the experiments 
were inconclusive as to whether there was greater or less heat 
generated in the field than without. 

In the same Journal for December, 1887, he describes ex- 
periments on the action of the magnet on the passive state of 
iron in the magnetic field. In a note to this paper and in 
another paper in this Journal for April, 1888, he describes an 
experiment similar to the one in this paper but without our 
theory with regard to the action of points. Indeed he states 
that the ends of his bars acted like zine, while the middle was 
like platinum, @ conclusion directly opposite to ours. The 
reason of this difference has been shown in this paper to be 
probably due to the currents set up in the liquid by the 
reaction of the magnet and the electric currents in the liquid. 

In conclusion we may remark that our results differ from 
Professor Nichols in this: First, we have given the exact 
mathematical theory of the action and have confirmed it by 
our experiments, having studied and avoided many sources of 
error, while Professor Nichols gives no theory and does not 
notice the action of points. Secondly, our experiments give 
a protective action to the points and ends of bars, while 
Professor Nichols thinks the reverse holds and that these are 
more easily dissolved than unmagnetized iron. 
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Art. V.— Wave-like effects produced by the Detonation of 
Gun-cotton ; by CHARLES E. Munroe. With Plate IV. 


Havine had occasion recently to determine how readily 
gun-cotton which was completely saturated with water could 
be detonated, I employed for the purpose a tin can, with a 
smooth flat bottom to hold the gun-cotton disk and then filled 
the can with sufficient water to just completely cover the disk. 
A paraftined dry disk of gun-cotton, to serve as a primer, was 
then laid directly on top of and in contact with the wet disk, 
and a detonator containing thirty-five grains of mercury fulmi- 
nate was inserted in the primer for the purpose of firing it. 

The arrangement is shown in fig. 1, where A represents the 

can, £ the disk of wet gun- 
cotton, C the disk of dry gun- 
cotton, D the detonator, F’ the 
water and /’ the iron beam on 
which it rested. The gun- 
cotton disks had a diameter 
of 34 inches each, while the 
ean had a diameter of 54 
inches and, as the gun-cotton 
disks were placed with their 
cylindrical axes parallel to 
that of the can and with one 
Z face in contact with the side 
of the can, there was a cres- 
cent-shaped space about the gun-cotton at the bottom of the 
can, two inches wide at its greatest width, which was covered 
by water only. 

The can, with its contents arranged as described, was placed on 
the smooth face of a heavy y wr ought i iron beam and detonated. 
The effect produced on the iron is shown in fig. 2 (Plate IV), 
which is reproduced from a photograph of such pieces of the 
fractured beam as were recovered. Inspection of the impressed 
surface shows a comparatively smooth and deep indentation 
immediately under the place occupied by the gun-cotton, which 
has an area nearly equal to that of the base of the gun-cotton 
disk. Surrounding this is a crescent-shaped space, about five- 
eighths of an inch wide at its greatest width, which appears 
slightly undulating when examined by a low-powered lens, 
and then follows a series of breakers, concentrically arranged 
about the impression of the base of the gun-cotton disk, which 
are plainly visible to the naked eye. These breakers appear to 
consist of lines of waves which are undulating in paths nearly 
normal to the direction of propagation of the breakers, while 
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the breakers or lines of waves appear to be divided pretty 
sharply into two groups of different amplitudes, the exterior 
group having the greatest amplitude. In all cases the crests of 
the waves are turned from the center, so that if the hand is 
passed from the center outward over the plate it glides freely, 
but if passed in the opposite direction it is caught | by the sharp 
projecting points. This feature can easily be seen with a 
pocket lens. 

The impression produced is shown in section in fig. 8 where 
AF represents the extreme area having a diameter slightly 
greater than that of the can. SB the position of the wet gun. 
cotton disk before detonation. B’B’ the impression produced 
by the base of the disks. .B’C the space where the waves are 
not visible to the naked eye. CD and DA the spaces oceu- 
pied by the two groups of breakers visible to the naked eye 
B'F represents the eroded and fused metal which marks the 
most deeply indented part of the plate. The cross-section of 
the beam /’ shows very clearly that the area of marked depres- 
sion extends much beyond the limit of area of the gun-cotton, 
and quite to, if not Na oy the extreme area of the base of the 
can. The experiment, as described above, has been repeated 
several times and always with the same result. 

Dr. John Trowbridge has very kindly measured for me the 
intervals between the breakers in the outer group, these meas- 
urements being taken from crest to crest at six different points. 
As, owing to the nature of the object, nothing remained sharply 
in focus under the microscope of the comparator, the results 
are only approximate. The data are as follows, the lengths 
being given in millimeters : 
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These measurements were taken from the exterior toward 
the center of explosion, and it will be noticed that the first 
interval is about twice as great as any of the others in a set. 
Examination of the photo-engraving shows that at this point 
the propagation of the undulations must have been affected by 
the retaining walls of the containing vessel. Omitting this inter- 
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val we find the average of each of the six sets of differences to 
be respectively 1°78, 1°70, 1°64, 1°56, 1°54, 1°39, and the aver- 
age of all the differences to be 1°59. 

Several hypotheses have occurred to me in explanation of 
this phenomenon, but as I have not as yet been able to put them 
to the test of experiment I am not prepared to submit any of 
them, though I intend to test them as opportunity offers. As, 
however, the objects for which this station is created does not 
embrace the carrying on of researches for purely theoretical 

urposes, it may be some time before the desired opportunity 
or experiments occurs, and hence I desire to place on record 
this preliminary observation. I ought to add however that the 
idea has suggested itself to me that we may possibly find in 
this phenomenon a means for distinguishing between and per- 
haps measuring the effects of different detonating explosives. 

I am deeply indebted to Commander C. F. Goodrich, 
U. S. N., Inspector in charge of the Torpedo Station, for per- 
mission to publish this account, and to My. Arendt Angstrom, 
C. E., for the precise drawings used in figs. 1 and 3. 

Torpedo Station, Newport, R. I. 
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Art. VI.—Mode of Reading Mirror Galwanometers, ete; 
by R. W. Wiiuson, Ph.D. 


In physical work which requires the observation of small 
angles of deflection, such as the reading of a reflecting gal- 
vanometer, it is sometimes found that the use of telescope 
and scale is inconvenient or trying to the eye, while the method 
with lamp and scale has other disadvantages beside that of re- 
quiring a darkened room. 

In many such cases a method of reading may be used, which 
I do not remember to have seen described, but which I 
have found so useful that I think it merits description. Though 
often more convenient than the telescope and scale it does not 
compare with the latter in accuracy; but in this respect it is 
not much inferior to the spot of light, while it is free from 
some of the most objectionable features of that method. 

Replacing the telescope by a peep hole gives for many pur- 
poses a very convenient means of reading, where the magnifying 
power of the telescope can be dispensed with, a vertical line being 
drawn on the surface of the mirror to fix the sight line. A 
better plan, however, consists in placing in front of the mova- 
ble mirror, and as near it as possible, a good-sized piece of thin 
plate mirror, from half of which the silvering has been re- 
moved, so that the silvered and unsilvered portions meet in a 
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horizontal line which crosses the center of the movable mir- 
ror; usually the reflecting portion is placed above, as shown in 
fig. 1, where @ and 6 represent the silvered and unsilvered por- 
tions of the fixed mirror and ¢ the movable mirror. 
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The instrument is so adjusted that the movable mirror when 
in its position of rest is nearly parallel to the fixed mirror. 
The seale used, as shown in fig. 2, has its middle division line 
prolonged downward to form an index; this scale being brought 
in front of the mirror, the eye is placed at the proper height 
to see, as in fig. 3, the image of the scale in the upper fixed 
mirror, the lower ends of the divisions coincident with the 
lower edge of the silvering, while the index is seen nearly 
continuous with the middle ne of the scale, but reflected from 
the movable mirror; any deflection of the latter causes the 
image of the index to move along the lower edge of the re- 
flected scale by an amount corresponding to the double angle 
of deflection.* 

It is obvious that this construction does not interfere with 
the use of the instrument with lamp, or telescope and scale, 
the lower portion of the fixed mirror acting as the usual cover- 
ing glass; it is then desirable, however, to give the latter a 
slight forward inclination to avoid double reflection ; a suffi- 
cient inclination may be given with the leveling screws, with- 
out interfering with the mode of reading, above described, 
unless the lines of the graduation are very short. 


* A simple geometrical consideration shows that if the scale reading be n, the 
angle of deflection a, the distance of the scale — the fixed mirror A, and the 


distance between the two mirrors d, tan a= qi A and d, if necessary, cor- 


rected for the thickness of the glass in the aie way. 
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The advantage of the method arises mainly from the natural 
and easy use of the eye; to secure this it is desirable that the 
scale should be sufficiently open to be read without straining 
the eye. 

The fixed mirror should be as large as possible, especially in 
the horizontal direction, to facilitate the bringing of the eye 
into the proper position without effort. 

It is also important if the movable mirror is round that the 
line of division between the silvered and unsilvered surfaces 
shall cross it nearly in a diameter in order that the position of 
the eye may not be too much restricted, as is the case if the 
line is very short in which the fixed and movable mirrors 
overlap. Where it is practicable a rectangular mirror is to be 
preferred. 

Jefferson Physical Laboratory, April, 1888. 


Art. VIl.—Bertrandite from Mt. Antero, Colorado; by 
e e 
SAMUEL L. PENFIELD. 


THIs rare mineral was first identified as a new species by M. 
E. Bertrand* from the study of a few small crystals collected from 
a pegmatite vein at Petit Port, near Nantes, France. M. Des 
Cloizeauxt has also identified the mineral at the gneiss quar- 
ries at Barbin, near Nantes, while M. A. Damourt has anal- 
yzed it and determined its composition to be H,Be,Si,O,; he 
also gave to it the name Bertrandite. The mineral has since 
been identified by R. Scharizer§ at a feldspar quarry near 
Pisek, Bohemia, where it occurs lining cavities left by the 
decomposition and disappearance of beryl crystals. At all of 
these localities the crystals are minute and are found only in 
small quantities. The crystalline form determined by Ber- 
trand and Des Cloizeaux is orthorhombie, while Scharizer finds 
grounds for believing that the crystals are monoclinic with 
close approximation in form and optical properties to ortho- 
rhombic symmetry. 

The single hand-specimen in the author’s possession was 
selected by Mr. W. B. Smith, of Denver, Col., from a lot of 
material collected during the past summer at Mt. Antero in 
the search for specimens of phenacite. The crystals of ber- 
trandite are attached to quartz which is associated with beryl. 


* Bull. Soc. Min. de France, iii, 1880, p. 9 
+ Bull. Soc. Min, de France, v, 1882, p. 17 

Bull. Soc. Min. de France, vi, 1883, p. 252. 
§ Zeitschr. Kryst., xiv, 1888, p. 33. 
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Other minerals occurring at the locality are phenacite, ortho- 
clase, muscovite and fluorite. 

The crystals are little rectangular blades 5™™ long, 2™ wide 
and 0:2-0:4"" thick. The largest faces, 5x 20m. correspond to 
the basal plane of Bertrand lengthened out in the direction of 
the brachy-axis, d@, and marked by slight striations parallel to 
the shorter diameter or macro-axis, 2. Opposite this flat basal 
plane the erystals have a curved surface composed of the 
basal plane and brachydomes in oscillatory combination. The 

curved surface either joins the basal plane directly, forming a 
a thin edge along the whole length of the erystal, or a 
narrow brachy pinacoid i is present between them. This curious 
development gives to the crystals a hemimorphic aspect which is 
very characteristic and not accidental ; for all of the eight or ten 
erystals on the specimen were of this same character. The 
general shape of the crystals is that of a thin slice eut from the 
side: of a cylinder parallel to its axis. The crystals are attached 
at one end and are terminated at the free end by a macro- 
pinacoid. The observed planes are therefore the three pina- 
coids, one of the basal planes being rounded by oscillatory 
combinations parallel to the brachy-axis. The faces have a 
good luster, that of the basal plane being pearly, the others 
vitreous. They are not well suited for measurement. There 
was one V-shaped twin in the specimen, the twinning plane 
being the brachy-dome 031 (3-2) of Bertrand. The flat basal 
planes formed the outside limbs of the V and made an angle of 
61° 52’ with one another, the curved surfaces formed the re- 
entrant angle. Similar twins are described by Bertrand with 
re-entrant angle of about 60°. Two cleavages were identified, 
prismatic and basal, both highly perfect. The measured angles 
are as follows: 

Calculated: Bertrand. 
ab 001.4010 approx., 89° 54’ 90° 
mam 110110 both cleavage, 59° 34’ 58° 40’ 
mamilo, Ilo * “120° 367 121° 207 
a ~m 100.4110 m cleavage, 150° 50’ 149° 40’ 
ac 001.001 twin, 1i8° 120° 50’ 


These values differ quite widely from the calculated values 
of Bertrand, but if we regard the cleavage angle mam= 
59° 34’ as good (it was cer tainly free from disturbing influences 
such as ve and couple with it the angle of the twin 
cac=118° 8’, we obtain the axial ratio for orthorhombic axes 


c:6: a=0°5958 : 1° : 0°5728. 


The important measurements of Des Cloizeaux and Scha- 
rizer, with the values calculated from the above axes, are : 
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Des Cloizeaux. Scharizer. Calculated. 
am, 0104110 100.2110, 61° 137 10" 60° 13” 
100.2110, 60° 12” 40" 

100 130 59° 57’ 59° 47’ 
010 130 30° 17} 30° 13” 
130 ~ 130 129° 30’ (twin) 129° 34’ 
100 2 100 60° 40” (twin) 60° 24’ 
001 2 031 001 . 301, 119° 15” 10" 119° 15’ 
010 031 28° 44” 20” 29° 15’ 
110 2 031 301, 64° 34’ 20” 64° 19’ 

64° 27” 40” 
110 . 021 201, 67° 38” 30" 67° 39’ 

67° 377 30" 
031 4 021 i y 10° 19” 10° 477 


The above measured angles agree very well with the calen- 
lated values, and where the difference is large the reason may 
be found in the uncertainty of the measurements made on 
so small crystals. Scharizer’s measurements agree about as 
well with these orthorhombic values as with his own calculated 
values for monoclinic axes. 

I cannot give a reason for the hemimorphic development of 
the basal plane. If Scharizer is correct in assuming that the 
crystals are monoclinic with the brachy-axis of Bertrand as the 
ortho-axis, such a development might result from twinning 
about an orthopinacoid, one basal plane being converted into 
a curved surface by oscillations with hemi-orthodomes, sym- 
metrically situated on either side of the twinning plane. This 
would require for S=90° 28’ 34” (Scharizer’s value for the 
inclination of the @ and ¢ axes) a salient angle along the 
twinning line on the base of 180° 57’ which could not be de- 
tected. A section across the crystals, parallel to Scharizer's 
clino-pinacoid, should also show an inclined extinction which 
would be especially marked along the twinning limit; a sec- 
tion thus prepared shows perfectly normal orthorhombic sym- 
metry in polarized light. 

The optical properties point most decidedly to orthorhombic 
symmetry. The obtuse bisectrix is normal to the basal plane, 
the plane of the optical axes is the brachypinacoid. The 
divergence of the optical axes measured with a large Fuess 
apparatus in the Thoulet solution (n=1°6503 for yellow, Na, 


flame), is 
2H=101° 10’ for yellow. 


Using Bertrand’s mean index of refraction 8=1°569 we get 
2V=108° 42’ for yellow. 
Bertrand determined 2V=105° 8’, and Scharizer 2V=108° 
31’. The dispersion about the obtuse bisectrix is marked p> v 


and therefore about the acute bisectrix o <v. A section par- 
allel to the macropinacoid showed the acute bisectrix in the 
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polarizing microscope but it was too small and fragile to trans- 
fer and use in the axial angle apparatus The acute bisectrix 
is axis of greatest elasticity and the double refraction is there- 
fore negative. 

The hardness of the crystals is 6-7. They scratch feldspar 
readily, and with care can be made to scratch quartz, though 
they are apt to crush owing to their small size and good cleav- 
age. 

The specific gravity, taken with the Thoulet solution, is 
2°598. Bertrand found 2°593, Damour 2°586, and Scharizer 2°55. 

By sacrificing all but one of the small crystals and scraping 
off the remnants of broken crystals from the quartz I succeeded 
in obtaining 0°1259 grams of material which floated on the 
Thoulet solution at 2°610 and sank at 2551 sp. gr. This 
was subjected to a very careful chemical analysis with the fol- 
lowing results : 


Penfield. Damour. Theory for H.Be,Si2Oy. 
SiO, 51°8 49°26 50°42 
BeO 39°6 42°00 42°02 
CaO 10 
H,O 84. 6°90 7°56 
Fe.0; 1°40 


100°8 99°56 100-00 


The analysis is satisfactory considering the small quantity of 
material at my command. The BeO which was precipitated 
. with ammonia was free from alumina and gave the character- 
istic beryllium reactions. The mineral lost 0°5 per cent by 
drying at 100° C. and 1-40 per cent ata faint red heat. The 
water in the analysis is too high, and probably part of it does 
not belong to the composition of the mineral. The micro- 
scopic sections show liquid inclusions, which are not CO, 
and are probably water, which may account for some of the 
excess. 

It is probable that further search at Mt. Antero will yield 
more specimens of this mineral and better material for study. 
It is interesting to find this rare mineral in America along 
with the phenacite and beryl. 

In closing | take especial pleasure in expressing my thanks 
to Mr. W. B. Smith for giving me the specimen for carrying 
on this investigation. 


Mineralogical Laboratory, Sheffield Scientific School, May 14, 1888. 
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Art. VIII.—Some Localities of Post-Tertiary and Tertiary 
Fossils in Massachusetts ; by W. W. Dope. 


In 1851, Mr. William Stimpson described an occurrence of 
fossils at Point Shirley, on the north side of Boston harbor. 
A list of species was given, and it was noted. that the most 
common of the fossils were deep water and northern forms.* 

Not quite a mile north of the hill which appears to have 
been referred to, stands Winthrop Head, a hill about 105 feet 
high, as determined by the Coast Survey. It seems to have had 
formerly an oval base with its longer diameter directed a little 
north of west and south of east, but has lost nearly half its 
mass owing to the action of the sea at its eastern foot. Its 
southern slope is somewhat steeper than the northern. It has 
been mentioned as one of the lenticular hills of the vicinity, 
—a mistake easily made, for much of that portion of the 
material of the hill formerly exposed is hard, compact, blue 
clay with little indication of bedding. 

About five years ago a railroad was built around the eastern 
toot of the Head, and the excavations required to make room 
for it above tide-level gave a vertical exposure of some feet in 
_ thickness of the lower strata composing the hill. 

The lowest bed cut into (exposed to a little below the rail- 
road grade), was somewhat arched, and consisted of loose, 
clean, rather fine gravel filled with small fragments of shells. 
Venus mercenaria and Cardium Islandicum (2) were the only 
shells identitiable with any reasonable degree of certainty 
among the fragments. 

Above this gravel or sand, succeeded a hard, clayey gravel 
containing larger fragments. Venus mercenaria and Mya 
arenaria were most abundantly represented. Single speci- 
mens of Cardita borealis, Tapes fluctuosa(?) and a small gas- 
teropod somewhat resembling Lacuna neritoidea completed 
the list of fossils observed during a short stay at the spot. 
This notice of the locality has been delayed from year to year 
in the hope of adding to the enumeration. 

Higher up on the bluff, the stratification in the hard, blue 
clay soon becomes completely obscured, but bits of shell may 
be seen embedded here and there in places where running water 
furrows the slope and leaves projecting ridges of material 
undisturbed in position. Above the blue clay, red gravel forms 
the upper portion of the hill. 

Most of the thirteen species named by Mr. Stimpson as 
oceurring at Point Shirley have also been found as fossils else- 


* Proceedings of the Boston Society of Natural History, vol. iv, p. 9. 
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where in New England, about half of them at Nantucket. 
According to the assignment of synonymy and distribution in 
Messrs. Verrill, Smith and Harger’s ecatalogue* six of the 
species now extend southward to Florida, one each to the 
Carolinas, three to New Jersey, one (common north of Cape 
Cod), does not appear in Vineyard Sound ; in the other direc- 
tion, three reach the Arctic ocean, one Greenland, three Labra- 
dor, two the Gulf of St. Lawrence, three Massachusetts Bay. 
Two remain below low-water mark, one is almost confined to 
sandy places; a large majority may be found in the colder 
waters of the ocean shores as well as in the bays, ete., but 
three prefer the sandy or muddy shores and bottoms of sounds, 
bays and estuaries. Venus mercenaria is of this last group. 
The apparent prominence of this species at Winthrop Head is 
doubtless partly referable to the solidity of its shell and the 
consequent endurance of the same in recognizable form where ' 
other shells were broken up or decayed. 


Tertiary of Southeastern Massachusetts. 


The dredging for the Cape Cod canal in Sandwich has 
brought up fragments of bone similar to those found at Gay 
Head. No published notice of this fact has come to the 
writer’s attention. It is to be hoped that the opportunity for 
observation has been or will be duly utilized by some one in 
the interests of science. 


Art. [X.—A Cordierite Gneiss from Connecticut ; by E. O. 
Hovey. 


CORDIERITE, or iolite, has long been known to occur at 
Haddam, Ct., where it is found “ associated with tourmaline in 
a granitic vein in gneiss.” It has also been reported as being 
abundant in quartz in the gneiss north of Norwich, Ct., and at 
Brimfield, Mass. No true cordierite gneiss, however, has 
heretofore beer ‘ieported from this country. A gneiss of this 
kind was recently found by the writer in the town of Guil- 
ford, sixteen miles east of New Haven, while in search of gar- 
nets and vesuvianite. The outcrops begin on the western side 
of a hill 375 ft. east of the Guilford-Durham turnpike, about 
two and a half miles north of the railway station on the farm 
of Richard Woodruff; the line of ledges was traced for a 
fifth of a mile. The general course of the ledges is N. 15° 
W. (true), while the strike of the bedding of the rock seems 
to be N. 25° W., which gives them a caleulated aggregate 


* Report upon the Invertebrate Animals of Vineyard Sound, etc., 1874. 
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width of more than 175 feet. Their vertical faces are from 
tive to fifteen feet in height. The cordierite is more thickly 
disseminated through the rock, and is in larger grains in the 
southern ledges than it is in the northern. The rock is com- 
osed of biotite, quartz, and cordierite, with some plagioclase. 
* the hand specimen the cordierite has a deep blue color, 
and shows its characteristic dichroism plainly. In a thin 
section it is clear and almost free from alteration, has a deli- 
cate violet tint which readily escapes detection, and is with- 
out perceptible dichroism. No optical characters other than 
those noted by Rosenbusch were observed. Acicular inclu- 
sions of sillimanite are abundant, but they are arranged with- 
out apparent accordance with any law. They serve as a con- 
venient means of distinguishing most of the cordierite from 
the quartz, which it closely resembles. The axial figure is ex- 
‘cellent and is easy to get. 

A few rods west of the line of ledges of cordierite gneiss, 
and with the same general course, there is a ledge of horn- 
blende schist and gneiss containing numerous veins of garnet 
associated with vesuvianite of a dark green color. The vesuvi- 
anite occurs massive in the veins, showing few crystalline 
planes and those mostly prismatic. The garnet also is mas- 
sive, but it shows many crystalline points of clear material ; 
its color is yellowish red, and its appearance entirely different 
from that of the deep red individual garnets which are so 
common in the gneiss. The latter usually show the 2-2 
planes most prominently, while in the former the JZ planes 
modified by the 3-§ predominate. The veins vary from half 
an inch to four inches in width, coincide with the bedding 
of the gneiss, and are seen for only 100 feet on the east side 
of a ledge but fifty feet wide. No cordierite was found in 
this ledge. Many garnets of value as gems have been taken 
from the ledge in the last six years. A quarter of a mile 
northeast of this point coarse black tourmalines occur in a vein 
in quartz. 

Percival puts the gneiss of this region into his “‘ Anthophyl- 
lite Formation,” which includes the famous Haddam locality, 
about fifteen miles northeast of the locality here described. 

Magnetite in good octahedral crystals 4 in. to 1 in. in diame- 
ter occurs in the school district of Nut Plains, town of Guil- 
ford. The locality has long been known to the inhabitants of 
the district. It is a ledge of gneiss on the north side of the 
North Madison road, half a mile east of the Nut Plains school 
house. The ledge is a few rods east of a ruined farm honse 
and near a large brook. 

Yale University, May 28th, 1888. 
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Art. X.—The Flow of Solids: A Note; by Witi1am 


THE justice of Mr. Spring’s* protest against a part of my ori- 
ginal paper I am glad to admit, as far as it concerns an ill-advised 
use of terms, and a consequent misrepresentation of his views, 
of course entirely unintentional. Not realizing that many were 
not so familiar with Mr. Spring’s works as myself, I neglected in 
the brief paper to give his views, and thus my deductions from 
his results seemed to represent his own conclusions. 

The object of my original investigationt was a solution of the 
question whether pressure alone is capable of producing true 
liquefaction ; many have certainly believed so, or even do believe 
so, and a few, at least, including myself saw in Mr. Spring’s 
earlier results evidence of such a possibility. I believe that to 
produce such phenomena, as some recrystallizations, and diffu- 
sion, an increase in the freedom of motion of the molecule, an 
increased diffusibility, i. e., the beginning of a liquefaction, is 
indispensable. Hence I looked upon his results as pointing to a 
liquefaction by pressure. My own experiments with the same 
substances and pressures showed the impossibility of liquefying 
them by pressure and even brought out an enormous increase in 
the rigidity of beeswax and paraffin under such pressures.{ In 
concluding I wished only to call attention to the difference 
between Mr. Spring’s resets and my own, but unfortunately a 
loose and abbreviated quotation caused the misunderstanding, 
which I wish to explain. 

Since obtaining my own results there seems to me little doubt 
that many, at least, of Mr. Spring’s effects are caused rather by a 
motion under pressure, a kneading, as it were, and by the regrind- 
ing. The holders in which his compressions were made were not 
tight and the most perfect welding§ always took place at the 
surface of the block, or the corners, or where the material was 
forced into the cracks, often even while the center, under equal 
pressure, remained almost unaffected. My holders were tight, 
allowing no leaking or motion, and the substances showed scarcely 
a trace of a welding under pressure. I must therefore reiterate 
that which I wished originally to impress, namely that the 
majority of Mr, Spring’s results are not produced by simple cubic 
static pressure. 

In the cases of chemical action and the formation of alloys, I 
believe that the motion under pressure will be found to be the all 
important factor, perhaps just as stirring assists diffusion to com- 


* W. Spring, this Journal, xxxv, t888, p. 78, also Bull. de l’Acad. R. Belg., xiv, 
1887, p. 585. 

+ W. Hallock, this Journal, xxxiv, p. 277, 1887. : 

¢ Compare also Ordnance Dep’t Tests of Metals, etc., 1884. Gov't Printing Office. 

§ W. Spring. Bull. d. l’Acad. R. Belg., xlix, p. 352, 1880. Phosphore amorphe et 
seq.. 
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pletely mix two liquids. Even if blocks of barium sulphate and 
of sodium carbonate* were brought into actual chemical contact, 
I think no one would expect that simple diffusion would complete 
the interchange of bases and acids in finite time so long as both 
substances remained solid ; nor that a piece of copper and of tin 
soldered together would diffuse and form a homogeneous bronze ; 
nor would they expect that simple cubic static pressure would 
promote these reactions ; if pressure will assist them to comple- 
tion, it will increase the diffusibility of solids, increase the 
freedom of motion of their molecules, that is, it will make them 
more like liquids, will begin to liquefy them. 

I wish to refer here to a new law I recently proposedt 
concerning the formation of alloys, where the fact is brought 
out that the melting point and liquidity of the product are quite 
as important as those of the constituents in determining the 
possibility of a reaction. Mr. Springt has produced Wood’s alloy 
by compressing the constituents together, and quotes Mr. Romnag 
as having failed to obtain fine pl: itinum wire by electro-silver- 
plating a platinum wire, drawing it down and dissolving off the 
silver in nitric acid, because the silver and platinum alloyed under 
the pressure of the draw plate. Messrs. W. & L. E. Gurley, of 
Troy, N. Y., have for several years made fine platinum wires by 
the well known Wollaston|| method of casting silver around the 
platinum and treating as above. In the note referred tot 
I have described the production of Wood’s alloy without pressure 
at 100° C. of a tin-lead alloy at 190° C. of the sodium-potassium 
alloy at ordinary temperatures, ‘etc. Hence it appears to me that 
pressure alone is the least important factor in the production of 
the effects obtained in Mr. Spring’s investigation. 


SCIENTIFIC INTELLIGENCE. 
I. CHEMISTRY AND PuysiIcs. 


Modern Theories of Chemistry; by Dr. Loruar Meyer. 
Translated from the German (5th edition) by P. Phillips Bedson, 
D. Sc., ete., and W. Carlton Williams, B. Sc., ete. 8vo., pp. xliv, 
588. London, 1888. (Longmans, Green & Co.) The present 
English edition of Lothar Meyer’s excellent book will be warmly 
welcomed by American chemists, to many of whom it is already 
well known in the original. No better evidence of the high ap- 
preciation in which it is held abroad can be given than the fact 


* W. Spring, Bull. Soc. Chem., xliv, p. 166, 1885. 

+ W. Hallock, Science, Mar. 2, 1888, xi, p. 100, also Ostwald. Zeitschr. f. Phys. 
Chem., vol. ii, 1888. 

tae Spring, Ber. der deutseh. Chem. Gesell., xv, 
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p. 595, 1882. § Tbid. 
Ganot’s Physics, Atkinson, New York, p. 16, 1883. 
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that a fifth edition has been called for so soon after the fourth 
was issued. In the first edition, as the author tells us, the chief 
aim was to show not only that hypotheses and the theories based 
upon them are necessary aids to chemical investigation, but at the 
same time to assign to them their true value and to place them 
in a position similar to that which they occupy in theoretical 
physics. But this aim was an ephemeral one since it was local 
intime. The fourth edition was therefore completely revised and 
rewritten so as to give an account of the latest development of 
chemical theories and at the same time, by giving the more im- 
portant empirical data, to make the theoretical conclusions arrived 
at easier to follow and to render clearer the causes leading to 
their foundation. This edition was divided into three books; 
the first dealing with atoms and their properties, the second with 
the Statics of the atoms or the doctrine of the equilibrium of the 
atoms in their combinations with one another, and the*third with 
the Dynamics of the atoms or the doctrine of chemical change. 
With reference to the title the author says: “Ido not in the 
least agree with the use of the term ‘modern’ when referring to 
‘chemistry’ but only as I have used it in reference to the ‘theories’ ; 
for in my opinion no change has been effected in chemistry in the 
last hundred years, with perhaps the single exception of the pas- 
sage from the phlogistic to the antiphlogistic system, which has 
been of so revolutionary a character as to justify a line of de- 
marcation between an old and a new or modern chemistry.” The 
fifth edition differs from the fourth chiefly in the uSe of atomic 
weights recalculated by the author and Dr. Seubert, in certain 
abridgments inthe second book, and in certain changes in the third 
book, particularly relating to the thermal phenomena accompany- 
ing chemical action and to the action of mass. The sections now 
found in Part First treat of ‘The Atomic Hypothesis,” ‘The Spe- 
cific Gravity of Gases as an aid to determine Atomic Weights,” 
“Determination of Atomic Weights by the aid of the Specific 
Heat in the Solid State,” “ Determination of Atomic Weights by 
aid of Isomorphism,” and “Chemical Atoms.” ‘Those in Part 
Second are: “Forms of Combinations of the Atoms; Types,” 
“Law of Atomic Linking,’ “Molecular Weight and Atomic 
Linking of those Bodies to which Avogadro’s law cannot be 
applied,” and “The Chemical Value, Valency, or the Capacity 
of Saturation of the Atoms.” The sections in Part Third are: 
“Chemical Change and its Causes,” ‘‘ Chemical Change pro- 
duced by Mechanical Disturbance,” ‘ Heat as Cause and Ef- 
fect of Chemical Change,” ‘Influence of Mass on Chemical 
Action,” “Chemical Action of Light,” ‘Chemical Change as 
a Cause and Effect of Electricity; Electrolysis,” and “Stability 
of Chemical Compounds.” These subjects are treated with 
the ability and thoroughness characteristic of the author, who has 
himself contributed so largely by his own investigations to estab- 
lish some of the most important conclusions reached. So that as 
a whole the book seems to us one of the most important chemical 
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publications which has appeared in recent times. We think the 
time has come however for using the terms “atomic mass” and 
“molecular mass” in place of atomic weight and molecular 
weight. It would accord with present practice too, if den- 
sity were given in absolute measure instead of being referred to 
the air standard. The translation is one of rare excellence and 
Dr. Bedson and Mr. Williams deserve the thanks of English- 
speaking chemists not only for producing Dr. Lothar Meyer’s 
book in its English dress but for presenting it in so acceptable a 
form. The mechanical execution of the book is excellent. 
G. F. B. 

2. On an Experiment to illustrate Valence.—LeEpsius has con- 
trived a-lecture apparatus for demonstrating the valence of the 
metals, based upon the method adopted by Nilson and Petterson 
to determine the atomic weights of the rare elements ; i. e., heat- 
ing a weighed quantity of the metal in dry hydrogen chloride gas 
and measuring the hydrogen set free. Ina combustion tube 40. 
long, pieces of thallium, of zinc and of aluminum are placed, about 
10™ apart; the weight in each case corresponding to double the 
atomic weight in milligrams; i. e., 408™°'™™* thallium, 113™¢™s 
zinc and 54™¢™™s aluminum. The hydrogen chloride is evolved 
by the action of strong sulphuric acid on a piece of ammon- 
ium chloride and is carefully dried by passing it through 
sulphuric acid. The hydrogen is collected in an apparatus like a 
Hofmann apparatus for decomposing water, but which has three 
graduated tubes, the whole rotating in a socket containing mer- 
cury so that the gas may be sent into either of the tubes at will. 
The three tubes are filled with a dilute soda solution. In perform- 
ing the experiment the thallium is first heated with a Bunsen 
burner and the hydrogen collected in one of the three tubes. Then 
the zinc is similarly heated and after that the aluminum, the evolved 
gas being collected in the second and third tubes. The hydrogen 
In the first tube will occupy 22°32°, that in the second 44°62°, and 
that in the third 67°86°°; the ratio of the three being 1: 2: 3, or 
that of the valence of the metals used.— Ber. Beri. Chem. Ges., 
xxi, 552-561, Feb., 1888. G. F. B. 

3. On the action of Hydrogen sulphide on Arsenic acid.—The 
action of hydrogen sulphide on arsenic acid has been studied by 
BranneErR and Tomicek. They conclude: 1st, that, other things 
being equal, more arsenic pentasulphide is formed (a) the larger 
the quantity of hydrochloric acid present, (5) the larger the quan- 
tity of hydrogen sulphide put into the solution in a unit of time, 
and (c) the lower the temperature (between 0° and 100°); and 2d, 
that, in consequence of the reducing action of the hydrogen sul- 
phide, more arsenic trioxide is formed (a) the less hydrochloric acid 
there is present, (6) the smaller the quantity of hydrogen sulphide 
and (c) the higher the temperature. Hence when a rapid current 
of hydrogen sulphide is passed into a solution of arsenic acid arsenic 
pentasulphide alone is formed, though but slowly if free hydro- 
chloric acid is present and the liquid is kept warm.—J. Chem. 
Soc., liii, 145-159, Feb., 1888, G. F. B. 
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4. Elements and Meta-elements.—In his annual address as Pres- 
ident of the Chemical Society, Mr. Crookes has continued the 
disoussion upon the nature of the elements which he began in his 
address at Birmingham. What is the criterion of an element, 
and how is the line to be drawn between identity and distinct 
existence? Oxygen, sodium, sulphur, chlorine, are concededly 
separate elements; and so are chlorine, bromine and iodine. But 
even here degrees of “ elementicity ” may be assumed, since chlo- 
rine is much closer to bromine than it is to oxygen, sodium or 
sulphur. Nickel and cobalt rank as distinct elements; but 
would this have been the case had their compounds been identi- 
cal in color? Passing to the rare earth elements, the ground un- 
der our feet is less secure. Even if scandium, ytterbium, etc., be 
admitted to the list of elements, what can be said for neo- and 
praseo-didymium, whose chief chemical claim to individuality is 
certain slight differences in basicity and crystallizing power, 
though their physical differences spectroscopically are well 
marked. If we admit these, how can we exclude the series of 
bodies discovered by Kriiss and Nilson, or those into which yt- 
trium, erbium, samarium, etc., have been and are being split up? 
Here “the different groupings shade off so imperceptibly the one 
into the other that it is impossible to erect a definite boundary 
between any two adjacent bodies and to say that the body on 
this side of the line is an element, whilst the one on the other 
side is non-elementary, or merely something which simulates or 
approximates to an element.” “Slight chemical differences, of 
course, are admitted, and, up to a certain point, so are well- 
marked physical differences. What are we to say, however, 
when the only chemical difference is an almost imperceptible ten- 
dency for the one body—of a couple or of a group—to precipitate 
before the other? Again, there are cases where the chemical dif- 
ferences reach the vanishing point, although well-marked physical 
differences still remain. Here we stumble on a new difficulty: 
in such obscurities, what is chemical and what is physical? Are 
we not entitled to call a slight tendency of a nascent amorphous 
precipitate to fall down in advance of another a ‘physical differ- 
ence?’ And may we not call colored reactions depending on 
the amount of some particular acid present and varying accord- 
ing to the concentration of the solution and to the solvent ap- 
plied ‘chemical differences?’ I do not see how we can deny 
elementary character to a body which differs from another by 
well-marked color- or spectrum reactions, whilst we accord it to 
another body whose only claim is a very minute difference in ba- 
sic powers.” In answer to the question, how minute differences 
qualify a substance to be admitted as an element, the author clas- 
sifies them as follows: (1) Two closely allied substances differing 
slightly in basic pawers and more decidedly in spectrum reac- 
tions ; such as erbium and holmium, erbium and yttrium; sama- 
rium and didymium; these are probably chemical entities. (2) 
Two substances which, like the white and yellow components of 
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cerium, have no distinct spectrum reaction and differ in basicity 
so slightly that their separation has not been possible, and yet 
have differently colored oxides; these the author would concede 
to be elements. (3) Two substances, obtained from different 
minerals, which have no recognizable chemical differences, but 
the phosphorescent spectrum of one having a strong line which is 
absent in that of the other; as the yttria from samarskite and 
that from gadolinite. (4) An earth like yttria or samaria having 


-a definite phosphorescent spectrum, and which is separable only 


with enormous difficulty from its associates, but to which the ad- 
dition of another substance greatly intensifies one or more of the 
lines of its spectrum, the others remaining unaffected. Is such 
an earth simple or compound? (5) An earth which, like calcium 
sulphate, showing no difference on fractionation, has a phosphor- 
escent spectrum not materially modified by admixture, but the 
residual glow of one part of which is suppressed as seen in the 
phosphoroscope, while the rest is unaffected. (6) Earths, like 
yttrium obtained from different minerals, which behave alike 
both chemically and spectroscopically, except that in the spec- 
trum of the one a certain line is a little brighter than it is in that 
of the other. The difficulty arising from the periodic theory, 
Mr. Crookes obviates by suggesting the use of the term, “ele- 
mentary group” for “element.” “Let us say, e. g., the smallest 
ponderable quantity of yttrium is an assemblage of ultimate 
atoms almost infinitely more like each other than they are like 
the atoms of any other approximating element. It does not nec- 
essarily follow that the atoms shall all be absolutely alike among 
themselves. The atomic weight which we ascribe to yttrium 
therefore merely represents a mean value around which the actual 
weights of the individual atoms of the ‘element’ range within 
certain limits. But if my conjecture is tenable, could we separate 
atom from atom we should find them varying within narrow limits 
on each side of the mean.” Considering the process of fractional 
precipitation, as when to a dilute solution of yttrium, dilute am- 
monia is added in quantity sufficient to precipitate only half of 
the yttria, “the problem is not why a precipitate is produced, 
but what determines or directs some atoms to fall down and oth- 
ers to remain in solution. Out of the multitude of atoms present, 
what power is it that directs each atom to choose the proper 
path? We may picture to ourselves some directive force passing 
the atoms one by one in review, selecting one for precipitation 
and another for solution till all have been adjusted. In order 
that such a selection can be effected there evidently must be 
some slight differences between which it is possible to select, and 
this difference almost certainly must be one of basicity, so slight 
as to be imperceptible by any test at present known, but suscept- 
ible of being nursed and encouraged to a point where the differ- 
ence can be appreciated by ordinary tests.” To make clearer 
this deviation from absolute homogeneity, the author goes back 
to the earliest dawn of the material universe, finds “an infinite 
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number of immeasurably small ultimate or rather ultimatissimate 
particles gradually accreting out of ‘formless stuff” and moving 
with inconceivable velocity in all directions. We find those parti- 
cles which approximately have the same rate and modes of move- 
ment beginning to heap themselves together by virtue of that ill- 
understood tendency through which like and like come together.” 

One of the first results of this massing tendency is the forma- 
tion of certain nodal points in space, between which occur ap- 
proximately void intervals. The first step in differentiation hav- 
ing been achieved, the ultimate particles have commenced to vi- 
brate in their new-born energy in all directions and with veloci- 
ties ranging from zero to infinity. “The slower particles will 
obstruct the quicker, the more rapid will rush up to the laggards 
in front, and we shall soon have groups forming in different 
parts of space. The constituents of each group whose rate of 
vibration is not in accord with the mean rate of the bulk of the 
components of that group will work to the outside and be thrown 
off, to find other groups with which they are more in harmony. 
In time, therefore, a condition of stability is established between 
the various groups, and we may call these the molecules of our 
present system of elementary bodies.” Supposing the constitu- 
ent atoms of these molecules not to have been gifted originally 
with exactly the same speed or amplitude of vibration, they will 
form a group, collected around the mean value, these ‘groupings 
representing what are at present called elements, but which the 
author conjectures may be made up, each of an element and of a 
certain number of meta-elements, or each of a whole group of 
meta-elements. In considering the question of periodicity, Mr. 
Crookes modified somewhat the diagram of his Birmingham ad- 
dress. There the action of the two forces upon the original pro- 
tyle was pictured, “one being time, accompanied by a lowering 
of temperature; the other, swinging to and fro like a mighty 
pendulum having periodic cycles of ebb and swell, rest and activ- 
ity, being intimately connected with the imponderable matter, 
essence or source of energy we call electricity.” In order to in- 
troduce the third factor, space, into the diagram, a tri-dimen- 
sional curve is required; and since the curve must pass through 
a point neutral to electricity and chemical energy twice in each 
cycle, a curve is selected which fore-shortens vertically into a 
zig-zag, and horizontally into a lemniscate. Projecting this 
curve in space, the points where chlorine, bromine and iodine are 
formed come close under each other. The same is true of sul- 
phur, selenium and tellurium, and also of phosphorus, arsenic 
and antimony. “ Let us imagine a cyclical translation in space, 
each revolution witnessing the genesis of the group of elements 
previously represented as produced during one complete vibra- 
tion of the pendulum. Let us suppose that one cycle has thus 
been completed, the center of the unknown creative force in its 
mighty journey through space having scattered along its track 
the primitive atoms, the seeds which presently are to coalesce 
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and develop into the groupings now known as lithium, beryllium, 
boron, carbon, nitrogen, oxygen, fluorine, sodium, magnesium, alu- 
minum, silicon, phosphorus, sulphur and chlorine.” “Suppose the 
vis generatrix traveling to and fro in cycles along a lemniscate path 
as above suggested, while simultaneously temperature is declin- 
ing and time is flowing on; each coil of the lemniscate track 
crosses the same vertical line at lower and lower points. Pro- 
jected in space, the curve shows a central line neutral as far as 
electricity is concerned and neutral in chemical properties—posi- 
tive electricity on the north, negative on the south. Dominant 
atomicities are governed by the distance east and west from the 
neutral center line, monatomic elements being one remove from 
it, diatomic two removes, and so on. In every successive coil, 
the same law holds good. As the mighty focus of creative en- 
ergy goes round, we see it in successive cycles sowing in one 
tract of space seeds of lithium, potassium, rubidium and cesium; 
in another tract, chlorine, bromine and iodine; in a third, sodium, 
copper, silver and gold; in a fourth, sulphur, selenium and tellu- 
rium; in a fifth, beryllium, calcium, strontium and barium; ina 
sixth, magnesium, zinc, cadmium and mercury; in a seventh, 
phosphorus, arsenic, antimony and bismuth; in other tracts, 
aluminum, gallium, indium and thallium; silicon, germanium and 
tin; carbon, titanium and zirconium; whilst a natural position 
near the neutral axis is found for the three groups of elements 
relegated by Professor Mendeléjeff to a sort of hospital for incur- 
ables—his eighth family.” “ We have now traced the formation 
of the chemical elements from knots and voids in a primitive 
formless fluid. We have shown the possibility—nay, the prob- 
ability—that the atoms are not eternal in existence, but share 
with all other created beings the attributes of decay and death. 
We have shown from arguments drawn from the chemical labora- 
tory, that in matter which has responded to every test of an ele- 
ment there are minute shades of difference, which may admit of 
selection. We have seen that the time-honored distinction be- 
tween elements and compounds no longer keeps pace with the de- 
velopments of chemical science, but must be modified to include 
a vast array of intermediate bodies—‘ meta-elements.’ We have 
shown how the objections of Clerk-Maxwell, weighty as they are, 
may be met; and finally, we have adduced reasons for believing 
that primitive matter was formed by the act of a generative force 
throwing off at intervals of time atoms endowed with varying 
quantities of primitive forms of energy.”—J. Chem. Soc., liii, 487, 
May, 18838. G. F. B: 
5. Measurement of High Potential_—Quadrant electrometers, 
it is well known, are not suitable for the measurement of high 
potential. A. VoLLEr enters into a full discussion of the faults 
inherent in the various methods of connecting the parts of the 
Thomson electrometers with the sources of electricity, and finds 
these methods all unsatisfactory. He has been led, therefore, to 
adopt a new method. The needle of the electrometer is provided 
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with suitable magnets or pieces of iron, which are controlled by 
a movable magnetic field, the strength of which can be suitably 
altered by moving these magnets beneath or in the neighborhood 
of the needle. The needle of the electrometer was connected 
to earth, and the quadrants were alternately connected to the 
source of electricity. In this way a deflection was produced by 
induction, and if s and s' are deflections, and V and V'’ potentials, 
we haves:s, = V’:V.*. The changeable magnetic field gives 
the instrument a great range.—Ann. der Physik und Chemie, 
sa 6, 1888, pp. 286-298, J, T. 

. Fluorescence.—It is known that the fluorescence of liquids 
increases very greatly to a certain point with the dilution of the 
fluorescing medium. B. Watrer discusses the reason of this 
phenomenon, and shows that it depends upon the amount of light 
absorbed by the fluorescent substance. Strongly fluorescing sub- 
stances, like magdala red, eosine, chlorophyl, etc., in the solid 
state, show no fluorescence, and the author believes that fluores- 
cence hitherto observed in solid bodies can be traced to water of 
crystallization or other thinning medium. If A denote the 
amount of light absorbed by the substance, Fl the amount of 
light emitted by fluorescence, the fraction F1/A can denote the 
fluorescing power of the medium. In the case of eosine, with a 
dilution of 4, the value of this fraction was ‘000663; with 374,, its 
value was ‘009126.—Ann. der Physik und Chemie, 1888, No. 6, 
pp. 316-326. J. T. 

7. Gritnwald’s hypothesis in spectrum analysis.—Dr. A. GRtN- 
WALD continues to give the results of his remarkable hypothesis 
and reserves to a later paper the description of the steps by 
means of which he obtains certain relations between groups of 
spectral lines. In his paper to which this notice refers, will be 
found a number of numerical results. Oxygen he thinks is com- 
posed of a substance A’ combined with another substance O’; 
this substance O’ being a compound with the formula 3,0’ 
where O” is again a compound 4,¢,; so that O=H’ b(b,¢,) He 
had previously shown that, according to his hypothesis, hydro- 
gen is composed of two primary elements, a and b,; and now 
gives various criteria by means of which a, 6 and ¢ can be recog- 
nized in magnesium and carbon.—Phil. Mag., May, 1888, pp. 
343-350. J. T. 

8. Penetration of Day-light in the water of Lake Geneva and 
of the Mediterranean.—MM. Fou and SaRrasty give a summary 
of the results obtained by them in regard to the penetration of 
day-light in clear water. They employed sensitive photographic 
plates, so arranged with a new apparatus, that they could be ex- 
posed for the time selected, say ten minutes, at any desired depth, 
as 100, 200 or 300 meters, etc. In the first trials made 
it was found that the effect was stronger on September 28th, 
with a cloudy sky, than on August 16th, with fine weather; 
more particularly they found that in the former month the 
amount of light at a depth of 170 meters was comparable to that 
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of a clear night without moon, The extreme limit for the penetra- 
tion of day-light during the winter was something more than 200 
meters. The difference between this limit for March and Sep- 
tember was only some 20 or 30 meters, proving that the effect of 
the seasons, so great in the upper layers of the lake, as shown by 
M. Forel (this Journal for June, p. 495), is comparatively small 
at considerable depths. In the Mediterranean, the depth is 
greater. In the month of March it was found here that 400 me- 
ters was the limit of transmission of day-light. Further, subse- 
quent experiment showed that at 300 meters the light reaches 
during the whole time that the sun is above the horizon and at 
350 meters this is true for some eight hours of the day.— Bibi. 

Iniv., III, xix, 442-447. 

9. A Treatise on Electricity and Magnetism; by E. Mascart 
and J. Jousert, translated by E. Atkinson. Vol. ii, 792 pp., 
8vo. London, 1888 (Thos. de la Rue and Co.).—The first vol- 
ume of the English translation of this excellent work appeared 
some four years since (this Journal, xxvi, 148). The present vol- 
ume goes through the subjects of methods of measurements and 
their applications, treating them with admirable thoroughness 
and system. The general methods of measurements are first 
taken up and then the special subjects of the theory and use of 
electrometers, galvanometers and other electrical instruments ; 
followed by magnetic measurements. A concluding chapter dis- 
cusses the industrial applications as involved in electrostatic ma- 
chines, dynamos, motors, etc. 


II. GEOLOGY AND MINERALOGY. 


1. Geological Survey of Ohio: Economie Geology. Vol. VI, 
832 pp., 8vo.—Six hundred pages of this report are devoted to 
the subject of petroleum and natural gas; and three-fourths of 
these are by Professor Edward Orton; the other fourth, consist- 
ing of accounts of the methods of drilling wells, measurement of 
wells, transportation, uses of gas and methods of using, and other 
subjects of: a practical character, are by Messrs. F, W. Minshall, 
F. H. Newell, E. McMillin and Professor 8. W. Robinson. The 
remaining chapters treat of the Pittsburgh Coal-Seam, salt manu- 
facture, cements, gypsum or land plaster, lime, and includes also 
one on the Drift deposits of Ohio. 

Professor Orton opens with a new vertical section of the Ohio 
rocks. The Trenton limestone is here recognized as one of the 
outcropping rocks, Professor Orton accepting the conclusion of 
Mr. S. A. Miller, that the beds of the Point Pleasant quarries, 
about 20 miles above Cincinnati, are Trenton. Besides, the 
Utica shale is separated by fossils from the Hudson River group, 
and the term Cincinnati group is dropped. 

The form of the Cincinnati anticline, long since shown by 
Newberry to have been made before the deposition of the Upper 
Silurian, has been worked out by the numerous borings for gas 
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and oil, and is well exhibited on a map facing page 48, giving the 
depths at which the Trenton limestone lies buried. Along the 
Ohio near Cincinnati the depth is about 300 feet above tide-level, 
and 150 miles east of north, 20 miles from Lake Erie, it is near 
500 miles below it. Tide-level is passed by its upper surface 
about 40 miles north of Cincinnati. The mean pitch for the 
whole 150 miles is 1 to 1000. For the first 40 miles it is 1: 700; 
for the next 75 miles, Eaton to Lima, or 85 miles, from Eaton to 
Beaver Dam, nearly 1:1000, About the Beaver Dam region, a 
bending up of the beds of the anticline occurs, and there is a vise in 
the next 24 miles from 310 to 350 feet below tide-level; and the re- 
gion at this point is that of Fryptay. A dozen miles beyond 
Findlay the northern dip of the anticlinal is resumed, but its po- 
sition is changed a little to the eastward of the previous course ; 
and in the next dozen miles there is a fall of 50 to 90 feet, or to 
400 feet below tide-level; but 3 miles beyond this, at Bowling 
Green (22 miles from Lake Erie), the depth obtained is only 387 
feet. Nearer the lake, in Ottawa County, the dip down increases 
much, the depth of the Trenton at Oak Harbor being 724 feet. 
East or west of the axial region of the anticline the dip is larger ; 
westward, in the northwestern corner of the State, the depth be- 
comes 1000 feet to 1500 or beyond, and the same is true to the 
eastward, the depth below tide-level at Port Clinton,‘only 14 
miles from Oak Harbor, being 1079 feet below tide-level, show- 
ing a dip exceeding 1 in 300; and along the region southward to 
the Ohio, the depth increases and the overlying rock is mostly 
an Upper Devonian shale. 

These levels are here cited because, as Professor Orton points 
out, they have a bearing on the gas-producing character of the 
region. Findlay is the center or most productive part of the 
Trenton limestone gas-supply; and, as is above shown, it is situ- 
ated, like other localities of gas-production in western Ohio, along 
the axis of the anticlinal; but it has the advantage of being situ- 
ated over the summit of an upward bend in the axial region. 
This summit region extends northward for 10 or 12 miles, so as 
to include also Van Buren and Bairdstown, The Findlay gas- 
wells—of which 16 out of 17 bored are productive—yielded in, 
1886 at the rate of 20,000,000 to 25,000,000 cubic feet of gas per 
day; and one, the Karg well, is credited with half the whole 
amount. The depth to which the stratum of Trenton limestone 
is usually penetrated is only 15 to 25 feet, though occasionally 
50 to 60; much below this, comparatively little is obtained; and 
the depth from the surface of the country is 1100 to 1200, so that 
the expense of boring is small. A well at Van Buren even ex- 
ceeds the Karg well; and one at Bairdstown is not inferior to it, 
for 9 feet down in the Trenton the supply was 4,000,000 cubic 
feet per day; at 17 feet, over 12,400,000 cubic feet and the tools 
“refused to descend deeper, dancing in the well like rubber 
balls.” Bairdstown and Van Buren, as above stated, are in the 
same upward bend of the anticline and at nearly the same level. 
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Bloomdale, 3 miles east of Bairdstown, has a well yielding about 
3,000,000; and one at North Baltimore, as far west of it, yields 
about the same amount; both less advantageously situated in 
the anticline for productiveness. 

Professor Orton remarks on the fact that among the various 
wells in the gas region, the production is generally greatest 
where the depth below the sea level is least, that is, where the 
Trenton is bulged upward. This depth at the Karg well is 347 
feet; at others of the more productive wells of the vicinity of 
Findlay, 342, 350, 328°8; at Bairdstown, 315 feet. 

Another important fact established is that the Trenton lime- 
stone is productive only where it is dolomyte, not where calcyte. 
In the Findlay field the gas rock afforded Professor N, W. Lord, 
in one analysis, calcium carbonate 53°50, magnesium carbonate 
43°05, insoluble residue (silica, etc.) 1°70, iron and alumina 1°72 
= 99°50, in which the proportion of the two carbonates is almost 
precisely that of true dolomyte. The amount of marsh gas in 
the gas scarcely varies from 92°5 per cent, and with this there 
are about 2 per cent of hydrogen, 0°30 of olefiant gas and 3°50 of 
nitrogen, with not over 0°5 per cent of each, oxygen, carbonic 
acid, carbonic oxide and 0°2 of sulphuretted hydrogen. 

In the region of Lima, the Trenton limestone yields oil; but 
the oil is inferior to the shale oil of the Macksburg region of east- 
ern Ohio, in containing 0°553 per cent of sulphur, which is more 
than 20 times the amount in the Macksburg oil. 

The report treats at length also of the Berea grit (Subcarbon- 
iferous) and of the Ohio shale (Upper Devonian) as sources of oil, 
and discusses at length the theories for the formation of the oil 
and its condition in the rocks. The chapters on cements, lime, 
plasters and other economical products from the rocks of the 
State also contain much of general interest. 

2. Fauna and Flora of the Trias of New Jersey and the Con- 
necticut Valley.—Dr. NEWBERRY, in vol. vi of the Transactions 
of the N. Y. Academy of Sciences, states that the plants of these 
regions thus far obtained, excepting two, are identical with those 
of Virginia and North Carolina described by Fontaine. They 
include the species Bajera Munsteriana Sap., Brachyphyllum 
gracile Newb., B. foliosum Newb., Cheirolepis Munsteri Schenk, 
Clathropteris platyphylla Brongn., Dendrophycus Triassicus 
Newb., Diodnites longifolius Em., Hquisetum Rogersi Schimp., 
Loperia simplex Newb., Otozamites latior Sap., and O. brevifolius 
Fr. Br. (both common in the Rhetic of Germany and France), 
Palyssya diffusa Em., Schinoneura planicostata Rogers. 

The fishes are ganoids of the genera Diplurus Newb., Ischyp- 
terus Egt. (18 species), Catopterus Redf. (5 species), Ptycholepis 
Ag. (1 sp.), Dictyopyge Egt. (1 sp.), and Acentrophorus Trag. 
(1 sp.) The Diplurus was a celacanth 3 feet long, closely allied 
to Holophegus Egt. from the English Lias. A species of Die- 
tyopyge has been described from the Keuper of Germany and an 
allied Ptycholepis from the Lias of Boll in Wurtemburg. 
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3. Archean areas of Northern New*Jersey and Southeastern 
New York; by N. L. Brirron.—Prot. Britton, in his paper 
read before the A. A. A. 8S. in August, 1887, divides the Archean 
of the New Jersey Highlands and Putnam County, New York, 
into (1) the massive group, including quartz-syenyte, granulite, 
and granite with little or no bedding; (2) the iron-Learing group ; 
(3) the gneissic and schistose group. Another series of schists 
and limestone, including the crystalline schists of Westchester 
County, described, as Mr. Britton observes, by Professor J. D. 
Dana |so far as they are conformable to the limestone or dolomite 
of the region] as [probably] of Lower Silurian age, are stated to 
be for the greater part “ unquestionably Upper Archean.” We 
look with great interest for the evidence for this very positive 
conclusion; others have held the opinion, but the evidence has 
never been published. The allusion to Prof. Daua’s opposing 
evidence on the next page, shows that he has been misread. 

J. D. D. 

4. Annual Report of the State Geologist of New Jersey for 
the year 1887.—This report announces the near completion of the 
topographical survey of the State—a most important work, in 
which New Jersey is ahead of the other States, Massachusetts 
alone excepted. 

5. On an Archean Plant.—Graphite occurring in an Archean 
limestone in many very thin parallel stripes one or more inches 
long and one to two lines wide has been described by Mr. N. L. 
Brirron as the remains of an Archean plant, which he has 
named Archeophyton Newberryanum. It is a natural query 
whether a carbonaceous limestone under pressure and in course of 
metamorphism might not become striped like the specimen. 

6. On the Organization of the Fossil Plants of the Coal 
Measures.—Part XIV. The true fructification of the Calamites ; 
by W. C. Witti1amson.—In this short memoir Prof. Williamson 
gives his reasons for still believing that the strobile described by 
him in 1869 from the Upper-foot coal in Strinesdale, near Saddle- 
worth, Lancashire, not only was, as he then stated, the fruit of a true 
Calamites, but that it was the only one that had thus far been 
discovered. After waiting seventeen years additional specimens 
having the same structure at last came to light. These led 
him to reinvestigate the whole subject and to figure anew all the 
specimens in his cabinet. The chief reason for believing in the 
true Calamitean character of these specimens is that the pedun- 
cle of the strobilus presents in every case substantially the same 
essential characters as the stems of Calamites, the structure of 
which is very different from that of any of the other Carbon- 
iferous plants that have been made known. Although somewhat 
modified to adapt itself for the growth of the large sporangia of 
the higher portions of the spike, these peduncles still clearly 
exhibit the internodal canals and characteristic medullary cavity 
of Calamites, characters so distinctive as to make it extremely 
doubtful that they could have belonged to any other plant. The 
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great wonder is, considering the abundance of Calamites every- 
where in the coal measures, that its fruits should be of such rare 
occurrence. It is needless to say that these fruits are strictly 
cryptogamic, and contain spores only. L. F. W. 
7. Einleitung in die Paldophytologie vom botanischen Stand- 
punkt aus. Bearbeitet von H. GRaFEN zu Sotms-Lavusacu. Leip- 
zig, 1887.—This work, although it bears evidence of wide re- 
search and much original investigation, is nevertheless, to the 
working paleophytologist, something of a disappointment. What 
is needed is a logical and systematic presentation of the best 
results of all the numerous and widely scattered investigations 
into the meaning of the multiform structures and objects that 
have been studied and separately made known. Count Solms- 
Laubach has proved by this work that he possesses the qualifica- 
tions for conducting such an enterprise, but has preferred, Ger- 
man fashion, to give it the form of an original investigation and 
a decidedly subjective stamp, for which he was not qualified by 
a life-long devotion to the subject, such as gives so great weight 
and value to the researches of Williamson, Renault, and Schenk, 


The book, moreover, lacks entirely the symmetry and eveuness of . 


treatment so much to be desired at this time in paleobotany, and 
plainly shows that its author was impelled rather by the impulse 
to probe to the bottom a few such questions as chanced specially 
to interest him, leaving other equally essential ones nearly or 
quite untouched. But it should not be inferred that this work is 
devoid of value. To him who desires to attack the problems of 
paleobotany it will be found to contain a thorough and exhaus- 
tive treatment of many of the most knotty and puzzling questions, 
and it has the great merit of furnishing a clear guide to the en- 
tire literature of every subject treated. 

The interest manifested by so excellent a botanist in paleon- 
tology is a hopeful sign as tending to reconcile the two depart- 
ments, and while there is danger that the recent appointment of 
Count Solms-Laubach to the botanical chair made so celebrated 
by De Bary may not leave him time to continue the work 
to which this book is confessedly only an “Introduction,” the 
science of botany proper is to be congratulated on having in such 
a prominent place one who is fully capable of weighing the facts 
furnished by the geological history of plants, L, F. W. 

8. Das Anlitz der Erde von Epuarp Svess. Vol. ii, 704 pp., 
8vo. Vienna, 1888, (F. Dempsky).—The first volume of the great 
work by Professor Suess, noticed in this Journal in 1884, 1885 
(xxvii, 151, xxix, 418), covered, first, the discussion of the move- 
ments in the exterior crust of the earth and, secondly, of the moun- 
tain systems. The second volume, now published, is devoted to 
the great oceans, treating of them first geographically as at pres- 
ent developed, and later with regard to the extent of the seas dur- 
ing the successive geological periods, from the paleozoic down to 
the changes of level noted in historic times and more broadly with 
respect to the cause of the oceanic depressions. The different fea- 
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tures of the Atlantic and Pacific are treated of at length, with 
the consideration of the causes for these differences. The ex- 
tended reading of Professor Suess has given him a large fund of 
facts to add to his own extended observations, for use in these 
discussions, and’ his method is so comprehensive and his style so 
attractive, that such a book as the present is at once to a high 
degree interesting and instructive. 

9. Chert.— Dr. G. J. Hinpe has examined microscopically 
chert from the Permo-Carboniferous strata of Spitzbergen, and 
has proved that the material consists in many parts of closely- 
packed sponge spicules, passing often into a nearly pure trans- 
lucent chert. The bed at Tempelberg was about three feet thick 
and contains also “casts of Productus and possibly also of Spiri- 
fer.” He figures the spicules from specimens of different locali- 
ties, and pronounces the chert of organic origin. A siliceous 
schist associated with the chert, was largely made of siliceous 
sand but contained many sponge spicules. On Axel’s Island the 
cherty beds are 870 feet thick; and in view of all the facts he 
has observed since he commenced his investigations of chert, he 
thinks it not extravagant to conclude that although so thick the 
whole is “due. to the accumulation of the skeletal debris of sili- 
ceous sponges,”— Geol. Mag., June, 1888, p. 241. 

10. Dumortiérite from a new locality.—MM. Micuer Livy and 
Lacrorx announce the discovery of the rare aluminum silicate, 
dumortiérite, in the iolite of the gneiss of Tvedestrand, Norway, 
where it is associated with sillimanite. It is distinguished, as in 
other -cases, by its pleochroism.—C. R., evi, 1546, May, 1888. 

11. Zircon from North Carolina.—The recent demand for zir- 
conium, for use in the arts, has led to a systematic effort to mine 
it in large quantities. Once regarded as a rare mineral, it has 
been found possible to obtain within six months twenty-five tons 
from the Green River mines, Henderson Co., North Carolina; 
the mining has been carried on under the charge of Mr. W. E. 
Hidden, who gives this information. It is also anticipated that 
the attempt soon to be made to obtain monazite in similar large 
quantities will be successful. 

12. Seventh Annual Report of the State Mineralogist of Cali- 
fornia for the year ending Oct. 1, 1887; by Witiiam IRELaN, 
Jr. 315 pp., 8vo. Sacramento, 1888.—This report is devoted to 
the subjects of petroleum, asphalts, natural gas, coals and build- 
ing stones, and gives much valuable information as to their oc- 
currence, method of working, use and so on. Much of the matter 
is contributed by W. A. Goodyear and A. H. Weber, field assist- 
ants to the State Mineralogist. The report closes with a cata- 
logue of the Californian fossils, compiled by Dr. J. G. Cooper. 

13. Contributions to the Mineralogy of the Pacific Coast ; by 
W. Lixpeéren.—A description is given of a chromiferous chlorite 
related to kotschubeite, obtained from Green Valley, on the 
American River. It occurs in rosettes of thin hexagonal tables 
having a peach-blossom red color, and also in fibrous massive 
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forms. The crystals are twins, formed of six biaxial sectors. It 
is associated with ouvarovite and chromite. Hardness = 2, spe- 
cific gravity = 2°69. An analysis by W. H. Melville gave: 


SiO. Cr.0,; Al.O; FeO NiO MgO CaO H,0 
31°74 11°39 674 +4123 «#049 35°18 O18 12°69" 0°36 = 100°00 
® Above 105° » At 105° 


The result is interesting as showing a much larger percentage of 
chromium than has before been noted.— Proc. Cal. Acad. Sci., 
II, i, Dec., 1887. 

14. Materialien zur Mineralogie Russlands von N. von Kox- 
scHaRow. Vol. x, pp. 1-96. St. Petersburg, 1888.—The vet- 
eran Russian mineralogist, whose labors for science received so 
cordial a recognition a year ago, on the occasion of the 50-year 
anniversary of the commencement of his active service, has re- 
cently published the opening portion of the 10th volume of his 
Russian Mineralogy. The species treated of are clinochlore and 
kotschubeite, which receive an exhaustive revision, and in addi- 
tion an extended abstract is given of the article on the remark- 
able meteorite of Nowo-Urei, by M. v. Jerofeieff and P. v. Lat- 
schinoff. 

15. Der Meteorit von Nowo -Urei, von M. JeRoreterF und P. 
LatscuinoFF in St. Petersburgh.—This meteorite, which fell Sep- 
tember 22, 1886, near the village Nowo-Urei, Government of 
Pensa, Russia, is unique in containing carbon in the form of dia- 
mond. Three stones were known to fall, of which two were 
found. The external appearance did not differ from ordinary me- 
teoric stones, and on the fracture they appeared of a dark gray 
color, and showed the presence of the chief constituents, olivine, 
augite and xickeliferous iron. In the course of the analysis, from 
2 to 2°5 per cent of the material taken remained unattacked by 
acids, and of this, 60 per cent was amorphous carbon and 40 per 
cent resisted fusion in bisulphate of potash. The residue was in 
the form of light gray grains; it proved to consist of 89°6 carbon 
and 10°4 per cent ash, and had a specific gravity of 3°1; the hard- 
ness was sufficient to scratch corundum readily. It was conse- 
quently concluded that the substance must be ordinary diamond 
or the massive form carbonado. An analysis of the whole stone 
gave: 

Fe(Ni) Cr.03 C Silicates 

547 0:95 0°43 2-26 90°76 = 99°87 
The diamond-like carbon made up about 1 per cent of the whole. 
The silicates consisted essentially of olivine and augite in the ra- 
tio of 67°5 to 23°8. In amount of carbon this stone is exceeded 
only by that of Orgueil, which gave 4*1 per cent in form of a 
humus substance. As regards the occurrence of the carbon in 
the diamond form, the only related cases are those of the Arva 
iron, in which Haidinger found cubic crystals of a graphitic sub- 
stauce with apparently pyritohedral planes, and which Rose sug- 
gested might be pseudomorphs of graphite after diamond; and 
the related graphitic mineral cliftonite, from the meteoric iron of 
Youngdegin, W. Australia, recently described by Fletcher (this 
Journal, xxxiv, 232, 1887). 
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VI. Botany Zoo.Loey. 


1. Recent advance in Vegetable Histology. (Second Paper). 
A. Researches on the Comparative Anutomy of Malvacee, 
Bombacee, Tiliace, and Sterculiacee; by A. Dumont, (Ann. 
Sci. Nat. ser. VII, vi, p. 129.)—At the close of a notice of Hitze- 
mann’s examination of Ternstroemiacer and allied families, and 
of Saupe’s paper on the suborders of Leguminose, in the last 
number of this Journal, attention was called to the value of even 
the fragmentary and widely scattered results thus far obtained 
in this field of investigation. Every contribution to this depart- 
ment of study is a step nearer the position which must ultimately 
be occupied by systematic Botany before a satisfactory and com- 
prehensive survey can be made of its entire domain. The papers 
of Chatin, Duval-Jouve, Bureau, and Vesque, have therefore a 
substantial value not only as contributions to Histology, but to 
classification as well. The same is true of the present paper by 
Dumont. It is to be regretted that it is not more copiously illus- 
trated, since only four plates are devoted to more than one hun- 
dred pages of descriptive text. The general results reached by 
the investigator are essentially as follows,—Malva, especiall 
Malva oxyacanthoides, realizes best the fundamental and _ primi- 
tive type; the secondary liber is very clearly stratified; its three 
zones contain numerous normal mucilaginous elements, both in 
the form of cells and of lysigenous receptacles. In plants of this 
family the members which have the same morphological adapta- 
tions have undergone similar modifications from the primordial 
type, and different species in genera of this order may be ar- 
ranged to constitute a descending scale of degradation. At cer- 
tain points where systematic Botany is in doubt, the gaps may be 
bridged over in this family by comparative histology. The 
group of families above mentioned forms a compact alliance and 
might be well placed under one natural order. Although the 
author has presented his observations clearly, it does not appear 
from such verification of his results as can be made by material 
now at hand, that it would be possible to exclude from his recon- 
structed order comprising the familes above mentioned, at least 
two outlying ones: if these two must be admitted, it would be 
difficult to say where our integration would or could be arrested. 

One is impressed during the examination of this subject by the 
thought that a distinction like that which we make in the case of 
the organs of the plant between the parts which are in use and 
those which have lost or partially lost their office, should be fol- 
lowed out in the elements of the tissues. The suggestion of this 
which is given in the comparative Anatomy of Phanerogams and 
Pteridophytes, by the lamented DeBary, has not been kept so 
clearly in mind as it should have been, this is largely owing to 
the acknowledged difficulties which its application presents. The 
author of the paper under present consideration has unconsciously 
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made use of what we may fairly call one of the useless characters 
in his classification, namely, the striations and stratifications which 
belong to certain elements of these groups of plants. So far as 
these ‘markings are mechanical in their nature, they are obviously 
to be classified among the useful modifications, but where they 
are slight, they appear to fulfil no important function, and hence 
can be used just as the stipules of Rubiacez are, for diagnostic 
characters. The same may be said of the characters of the ele- 
ments of the pith. Lastly it must not be forgotten that every 
contribution to this subject adds to the records already at hand 
for the identification by the microscope of species, genera, and 
orders, of which only imperfect specimens are known. 

B. Researches on the origin and development “4 canals and 
gage! secretions; by A. LeBuors. (Ann. Sci. Nat. ser. VII, 

i, p. 247.—This subject is allied to the last. In canals and 
receptacles for secretion we have conspicuous organs which are 
widely diffused through the orders of flowering plants, and in 
some cases have distinctly biological offices of attraction, protec- 
tion, and the like. But in some . other familes, these organs are so 
much reduced that they can hardly be believed to subserve any 
important office, and in a few they exist as mere vestiges. Van- 
Tieghem has been successful in utilizing these organs for class- 
ificatory purposes in the case of Myrtacez, where he has applied 
what may be fairly called a quantitative method. Trécul and 
Miller have also devoted much attention to the examination 
of this important subject, but even yet comparatively little 
is known about the matter. This last contribution, by Le- 
Blois, adds many interesting details of an apparently trust- 
worthy character, and gives also some results of physiological 
speculation. His conclusions may be given with little change in 
form. The tissues under consideration, are living (in distine- 
tion from those which, like trachez, have passed through their 
development and have become non-living), and they are always 
produced by division and separation, never by destruction and 
absorption of cells. Further, they are secreting tissues. They 
appear under two forms, the canal and the receptacle, in both 
cases. generally surrounded by a protective sheath. The two 
forms are met with either isolated or conjoined. Proper recep- 
tacles for secretions are never met with in roots, but they are 
frequently observed in leaves, The secreting system is preco- 
cious in development, either in the embryo, as in some cases, or 
in parts arising later. . L. G. 

2. The Botanical Works of the late George eet acto 
Collected for Henry Suaw, and edited by Witu1am Tre- 
LEASE and Asa GRAY. Cambridge, 1887.—This large quarto vol- 
ume comprises the results of Dr. Engelmann’s researches prosecuted 
during the scanty leisure of a laborious profession. His earliest 
paper relates to the morphology of plants, and brings out clearly 
the main principles which underlie the structure of Phanerogams. 
This was Dr. Engelmann’s inaugural thesis and formed a fitting 
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introduction to fifty years of botanical activity. The examina- 
tion of neglected and difficult groups of plants possessed a peculiar 
charm for this mor phologist. Thoroughly grounded in the prin- 
ciples of morphology, he was able to make all of his work of the 
highest order. It was fitting that these valuable contributions 
should be brought together into a memorial volume. That this 
volume has been made entirely worthy of him whom it commem- 
orates is due primarily to the affectionate appreciation of Dr. 
Engelmann’s friend and neighbor, Mr. Henry Shaw, who has 
taken pride in lavishing expense upon this superb record of criti- 
cal investigation. It is another proof, if indeed any were needed, 
of the sincere interest in scientific botany which is felt by the 
munificent founder of the Shaw School of Botany. To the edi- 
tors belongs the credit of judiciously preparing the text for 
publication, by most careful collation. Since it is a memorial 
volume it has been left without editorial comment even at those 
points where comment might under other circumstances have been 
desirable. 

3. Excursions Zoologiques dans les Isles de Fayal et de San 
Miguel (Agores), par Jutes DE GuERNE. Campagnes Scien- 
tifiques du Yacht Monégasque Troisiéme année, 
1887.—The voyages of the Hirondelle are under the direction of 
S. A. le Prince Albert de Monaco, with the “collaboration” of 
Professor 8. Pouchet, and have in "view the study of the currents, 
life, etc., of the ocean. A stay at the Azores for some time in 
1887 enabled M. J. de Guerne to study the life of some fresh- 
water lakes of San Miguel and Fayal. The lakes of San Miguel 
are situated in the crater of Sete Cidades at the west end of the 
island. The crater is nearly circular, and has a longer diameter 
(W.N.W.-E.S.E.) of 5 kilometers, and the highest point around 
it is 846 meters above the sea. There are four lakes at the 
bottom, 3 kilometers square and less in size; three of them about 
270 meters above sea-level and 22 to 30 meters in maximum 
depth. Two of them, Lagoa Grande and L. Azul, probably date 
from the year 1444, and a third from 1563. The Fayal lake 
cannot date back of the eruption of Capello in 1672. Hence the 
species that live in these lakes are of recent introduction. + 

The author describes critically and with many references to 
previous publications the freshwater and terrestrial species ob- 
served, noting their distribution elsewhere, and any peculiarities 
acquired, and describing many new species. The origin of the 
distribution of the species is next considered, and the following 
are the more important conclusions reached. 

The terrestrial fauna of the Azores, is, as generally regarded, 
strongly European; and the freshwater fauna perhaps still more 
strikingly so. The species in the fauna are those of extremely 
wide distribution and many are cosmopolites. 

Moreover they are kinds that are well furnished with means of 
dissemination, and owe to this the circumstance that they have 
reached the Azores. They seem for the most part to have been 
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carried by the winds and by birds; and the winds were of sec- 
ondary importance. The peopling was carried forward rapidly, 
as the recent origin of the lakes proves. The extreme fecundity 
of most of the aquatic types and their remarkable faculty of 
adaptation to cold, heat, and impure waters, and at the same 
time the freedom from struggle for existence explains why the 
waters could become so quickly peopled while still decidedly 
impure from volcanic agency. Further, the study of the aquatic 
fauna leads to the conclusion that the terrestrial fauna is equally 
due to the fortuitous introduction of species either from the con- 
tinents or from the nearer archipelagos or islands of the Atlantic. 
The fact of greater differentiations in the terrestrial fauna than 
in the aquatic, and especially in the mollusks (of which the 
species of Bulimus are examples), is a consequence of the much 
less frequent transportation of the types constituting it and of its 
more ancient origin. Among amphipod crustaceans the Orchestia 
Chevreuai, reported as new, is probably a modified marine form. 
At a former epoch, when the oceanic currents or conditions were 
different from now, various species have been brought to the 
archipelago on floating bodies and even upon ice. The presence 
of erratic blocks on the shores of Terceiraand Santa Maria sus- 
tains this conclusion. 

The alpine character often attributed to the fauna M. Guerne 
does not regard as established. The species so considered are 
those of very wide distribution, The present fauna will probably 
be soon more or less displaced by new introductions. 
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1. Meeting of the American Association for the Advancement of 
Science, for 1888.—The date of August 22d, for the meeting of the 
Association at Cleveland, has been changed by the Local Com- 
mittee to the 15th, on account of another great gathering to take 
place there that week. The special office and reception rooms of 
the Association will be at No, 407 Superior street, next door to the 
Hollenden, where will be the hotel headquarters. The meetings 
will be held at the Central High School Building on Wilson Ave- 
nue, where will be the offices of the Local Committee and of the 
Permanent Secretary during the week of the meeting. 

2. Annual Report of the Board of Regents of the Smithso- 
nian Institution, showing the operations, expenditures and con- 
dition of the Institution to July, 1885. Part I1.—This volume of 
940 pages is occupied, after reports of progress in the several de- 
partments, with an illustrated descriptive report by Thomas Don- 
aldson, of the George Catlin Indian Gallery, in the U.S. Na- 
tional Museum, with a memoir and statistics. It is illustrated by 
nearly 150 plates and maps, which have wide ethnographic, his- 
torical and geographic value. 

3. Lick Observatory, University of California. —The Lick 
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Observatory was formally transferred by the Lick Trustees to 
the Regents of the University of California on the first of June. 
The expenditures leave about 90,000 dollars of the fund for the 
expenses of care and use—a small sum which the University 
hopes to see raised by further beneficence from the wealth of the 
State to a million. The address of the officers of the Observatory 
is “ Lick Observatory, Mt. Hamilton, via San José, California.” 
The officers connected with the observatory are: Edward 8. Hol- 
den, director and astronomer, 8. W. Burnham, J. M. Schzberle, 
J. E. Keeler and E. E. Barnard, astronomers, and C. B. Hill, 
assistant astronomer, secretary and librarian. 

4. A matter of interest to Societies, Libraries and Geologists. 
—Any institution or individual desiring to obtain the publications 
which will be distributed to the members of the approaching 
Geological Congress in London, as well as the published volume 
of its Proceedings, may accomplish this by sending ten shillings 
(about $2.50) to “ William Topley, Esq., Gen. Secretary of the 
Committee on organization of the London Geological Congress, 
Museum, 28 Jermyn St., London,” stating the name of the sender 
and the object of the sum enclosed. Some of the publications 
thus obtained will have great value and cannot be ctherwise pre- 
served. Each of the two volumes of the Proceedings of previous 
sessions of this Congress which have yet been published (those 
of Paris and Bologna) are difficult to procure and cost much more 
than the sum above mentioned. P. F. 

5. The next session of the Znternational Geological Congress 
(the 4th) will open on the 17th of September, All persons desiring 
to become members are requested to address the secretary at an 
early date, mentioning their names in full, places of residence, 
and positions or titles. The fee is ten shillings. Members who 
have paid the fee will be entitled to the Proceedings and other 
ordinary publications of the Congress, whether present at the 
meeting or not. Professor Prestwich is president of the meeting. 

6. Hayden Memorial Geological Fund.—Mrs. Emma W. Hay- 
den has given to the Academy of Natural Sciences of Philadel- 
phia in trust the sum of $2,500, to be known as the Hayden 
Memorial Geological Fund in commemoration of her husband, 
the late Prof. Ferdinand V. Hayden, LL.D. According to the 
terms of the trust a bronze medal and the balance of the interest 
arising from the fund are to be awarded annually for the best 
publication, exploration, discovery or research in the science of 
geology, and paleontology, or in such particular branches thereof 
as may be designated. The award and all matters connected 
therewith are to be determined by a committee to be selected in 
an appropriate manner by the Academy. The recognition is not 
to be contined to American naturalists. 

Academy of Natural Sciences of Philadelphia, May 10, 1888. 

7. Medals of the Geological Society of London.—At the an- 
niversary meeting of this Society in February last, the Wollaston 
gold medal was awarded to Mr. H. B. Medlicott ; the Murchison 
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medal to Professor J. 8S. Newberry; the Lyell medal to Professor 
H. Alleyne Nicholson. 


OBITUARY. 


Rotanp Dver Irvine.—Prof. Irving of the University of Wis- 
consin, died suddenly of paralysis at Madison, Wisconsin, on the 
30th of May. Mr. Irving had won for himself the reputation 
of one of the world’s best geologists by his elaborate memoirs as 
geologist of Wisconsin, and also of the United States Geological 
Survey, on the Archean and Copper-bearing rocks of Wisconsin 
and the adjoining regions about Lake Superior, and much was 
expected of him in the continuation of his labors. He was born 
in New York on the 27th of April, 1847, and therefore had passed 
but a few days beyond his forty-first birthday. He graduated in 
1869 at the Columbia College School of Mines as a Mining 
Engineer, and ten years later the —— conferred on him the 
title of Doctor of Philosophy. In 1870 he entered on his duties 
as Professor of Geology, Mining sr Wetslinory in the Univer- 
sity of Wisconsin, a position which he held until his death. From 
1880 to 1882 he was one of the United States Census Experts. 

The new geological survey of Wisconsin, authorized by the 
State in 1873, included Prof. Irving among its geologists. He 
had previously begun his study of the rocks, and in February of 
1872 published the first of his papers on the subject that appear 
in this Journal. The results of his further labors in the study of 
the minerals, rocks and geology of the State occupy a large part 
of the several volumes of final reports published between 1877 
and 1883 ; and they all bear the marks of careful, conscientious 
work, by one who was thoroughly prepared for the difficult prob- 
lems before him. His State work supplemented by additional 
investigations in 1882, when he was put in charge of the Lake 
Superior Division of the U. 8. Geological Survey, was the basis 
of his volume on the Copper-bearing rocks of Lake Superior, 
published by the Survey in 1883, and also of other memoirs on the 
Archean rocks which were preliminary to a full report that re- 
mains unfinished, He had selected assistants for the present 
season but a few days before his death. His paper on the Huron- 
ian in volume xxxiv (1887) of this Journal is, we believe, his last 
publication. 

Prof. Irving leaves a widow, two sons, and one daughter. 

A. H. WortHEN, the excellent State Geologist of Illinois, died 
in the early part of the month of May. A notice is deferred to 
the following number. 
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